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PEEFACE 

Up to the present practically no specialised comprehensive 
literature on the subject of Switchgear has been available in the 
English language, and hence no further apology is necessary for 
placing the translation of Professor Edler's extensive work before 
the British Engineering Public. 

Although the work naturally deals more largely with Con- 
tinental types of Switchgear than English ones, and although, 
furthermore, some of the types described no longer correspond 
to the most modern ideas of design, the book should nevertheless 
— particularly in view of the fact that it is the first English 
work which combines a theoretical treatment of the subject 
with a comprehensive series of practical examples of design, and 
at the same time constitutes in a measure a history of the 
development of Switchgear — fill a gap in English technical 
literature and prove of exceptional interest to all who are con- 
cerned with this branch of electro -technology. 

A few additions and alterations have been made by the trans- 
lator and some parts have been re-written ; but, in the main, 
the work has been preserved in the original form as written by 
the author. 

PH. LAUBACH. 

Loia)ON, 

October, 1912. 
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SWITCHES AND SWUCHGEAR 

CHAPTER I 

aENERAIi REMARKS ON THE DESIGN OF SWITGHGEAR 

The purpose of all switchgear is the opening, closing, or 
changing of electric circuits. All switch apparatus consist, 
generally speaking, of parts which can be divided into two 
groups, those actually carrying currents and those connecting 
the current-carrying parts mechanically. The latter also fre- 
quently serve the purpose of insulating the current-carrying 
parts from each other. The various parts of the apparatus are 
always fixed on base-plates, sometimes suitably covered (clad) 
and in special cases (such as for instance in the case of high- 
tension switchgear) placed in vessels or troughs. 

The materials used for the current-carrying parts are first of all 
copper, then bronze and brass ; zinc and carbon are employed 
in special cases only. All parts carrying currents continuously 
should be made of electrolytic copper only, in order to keep 
the ohmic losses and the temperature-rise as small as possible ; 
for small apparatus brass may be employed, in which case the 
cross-sectional area must be increased in proportion. 

All parts which are subject to the formation of arcs must be 
so designed that the actual con tact -surfaces carrying the main 
current cannot be burnt out, i.e., the arc must be confined to 
parts which are easily renewable. Such parts are known as 
•* arcing contacts" or "devices for preventing arcing at the 
main contacts," and are made of metals or of metallic alloys 
which have the property of extinguishing arcs; frequently 
carbon is employed for this purpose. 

Besides providing devices to avoid sparking at the main 
contacts, switches are almost universally built with "quick 

8. B 



2 SWITCHES AND SWITCHGEAR 

break " action, which accelerates the breaking of the arc ; fre- 
quently "blowing magnets" are provided, by the action of 
which the arc is quickly extinguished ; finally the electrodynamic 
action of the current is sometimes employed for this purpose, or 
the arc is blown out by compressed air, or suppressed in oil. 

Special care should be taken not to let the current pass 
through a pivot or through the axle about which the lever of a 
switch is turning ; a special brush or a flexible conductor must 
be provided for carrying the current. Otherwise the current 
will damage the bearing surfaces, thus not only spoiling the 
mechanical action, but also increasing the contact resistance, and 
consequently destroying this part of the apparatus. 

For the estimation of the dimensions of the current-carrying 
parts of the apparatus, the temperature-rise of the metal is the 
first consideration ; in many cases, however, mechanical con- 
siderations play an important part and may even preponderate 
in the case of small types. 

The parts which do not carry any current are made either of 
insulating materials or of metal (steel, cast and wrought iron, 
bronze or brass). The insulating materials chiefly used in the 
construction of switchgear are as follows : slate, marble, porce- 
lain, ambroin, asbestos cement, ebonite, mica, presspahn, fibre, 
paper (Pertinax), glass, wood, etc. 

The recent tendency is to reduce the amount of machining and 
finishing of the individual parts as far as possible. For the 
wholesale manufacture of switchgear drawn and stamped parts 
are therefore preferred to cast parts. Such parts need, in 
most cases, only be drilled and threaded in order to be ready for 
putting together. 

For the economical manufacture of switchgear it is essential 
to have but a small number of standard parts, and to be able to 
build up a large number of apparatus of different types and 
different sizes from these. 
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CHAPTER II 

CONNECTING LEADS — CABLE SOCKETS — CONNECTORS — COPPER BARS — 

CONTACT BLOCKS — BOLTS 

The dimensions of a switch are determined by the current C 
and the voltage -E, for which it is to be built ; the current deter- 
mines the dimensions of the single parts, more especially their 
cross-sections, while the distance of the parts from each other is 
fixed by the voltage or pressure E, The type of the apparatus 
and the insulating materials to be employed naturally depend 
also on the pressure; thus, for instance, for high-pressure apparatus 
porcelain only is used, while for medium and low pressures 
marble and slate can be employed. 

The mains leading to the apparatus and the connecting bolts 
are usually selected in accordance with the rules of the Institu- 
tion of Electrical Engineers (see Table I.), or, in Germany, 
according to the rules of the " Verband deutscher Elektro- 
techniker" (Normalien des V.D.E.— Table II.)- 

The figures in Table I. apply to situations where the maximum 
temperature of the air does not exceed 100° F. (37*7° C). A 
margin in the maximum possible temperature of the cables has 
been allowed to provide for contingencies. 

Since the second table is for bare wires and since, further, it is 
calculated for a given definite temperature rise of the conductors, 
viz. 10° C, it forms a more suitable basis for the calculation of 
the dimensions of actual switchgear parts, than Table I. In what 
follows, therefore. Table II. will be used as the starting point for 
the estimation of sizes of switchgear parts, such as connecting 
bolts, cable sockets, contacts, etc.. Table I. being merely employed 
to indicate the size of the insulated connecting leads or cables. 

In the smaller sizes the cables are generally made in the form 
of single solid wires, but in the larger sizes they are usually 

b2 
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T.\BLE I. — Sectional Areas and Maximum Currents for 
Insulated Copper Conductors. I.E.E. Standard. 



No. of Wires and 

Gauge in S.W.G. 

or ins. 

1. 


Nominal 
.sectional 
area of 
Conduc- 
tors. 

2. 


Maximum per- 
miRsible Current. 

1 


1 
1 

No. of Wires 
and Gauge in 
8.W.G. or ins. 

1. 

1 


Nominal 
sectional 
area of 
Conduc- 
tors. 

2. 


Maximum per- 
missible Current. 


For 

Rubber 

Insulated 

Cables. 

3*. 


For Paper, 
or Fibre j 

Insulated 
Cables. 

4* 
Amps. 

3-7 
4-5 
5-3 


For 

Rubber 

Insulated 

Cables. 

8*. 


ForPai)er 
or Fibr« 

Insulated 
Cables. 

4*. 


a. (3/25 
•S.I-3/24 
g^ (3/23 


Hil. Ins. 

•0009 
•0011 
•0013 


Amps. 

3-7 
4-5 
63 


19/17 
7/-097" 
19/-058" 
19/16 


Sq. ins. 

•046 
•050 
•050 
•060 


Amps. 

70 
74 
74 
83 


Amps. 

114 
120 
120 
135 


1/18 
3/22 
7/25 


•0018 
•0018 
•0022 


7-2 
72 
8^6 


7-2 
7-2 
8-6 


19/-072" 
19/14 
19/-083" 
37/16 


•076 
•094 
•100 
•117 


97 
113 
118 
130 


157 
183 
191 
210 


3/21 -0024 
1/17 0026 
7/24 0026 


95 

9-8 

10-4 


9-5 

9-8 

10-4 

1 


19/092" 
37/ -072" 
19/101" 
37/14 


•125 
•150 
•150 
•182 


134 
162 
152 
172 

184 
214 
240 
264 


219 
246 

246 

275 


3/20 
7/23 
1/16 


•0030 
•0031 
•0032 


120 
124 
12-9 


120 
12-4 
12-9 


37/^083" 
37/092" 
37/104" 
37/-112" 

61/-092" 
61/097" 
61/^104" 
61/108" 

61/112" 
61/^118" 
91/^098" 
91/-101" 


•200 
•250 
•300 
■350 


296 
343 
385 
425 


3/19 
1/15 

7/22 


•0037 
•0041 
•0042 


14-8 
163 
170 


14^8 
163 
17^0 


1/14 
3/18 
7/21 


•0050 
•0053 
•0055 


19 

20 
21 


201 
21^2 
22-1 


•400 
•450 
•500 
•550 


288 
310 
332 
357 

384 
410 
434 
461 


464 
502 
540 
683 


7/20 


•0070 
■0086 
•0125 


24 
28 
34 


28 ' 

346 

50 


7/19 
7/18 


•600 
•650 
•700 
•750 


624 
662 


7/17 
19/20 


•017 
•019 
•022 
•023 


40 
43 
46 

47 


65 
69 

75 ' 

76 , 

1 


700 
738 


7/16 
19/19 


91/-108" 

91/-112" 

91/-118" 

127/-101" 

1 

! 


•800 

•900 

1000 

1000 


488 
540 
595 
595 


776 
855 


7/-068" 
7/15 
19/18 
7/14 


•025 
•028 
•034 
•035 


50 
63 
59 
60 


81 1 
86 1 
96 
97 


932 
932 



* N.B. — It must not be assunie<l that this current is always permissible 
especially in lighting circuits where the determining factor is the drop in volts. 
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built up of a number of single wires or strands. The percentage 
of the whole space which is usefully employed in these latter 
cables generally amounts to about 70 to 75 per cent.,* that is to 
say, the effective cross-sectional area of the copper amounts to 
only about 70 to 75 per cent, of the apparent (external) cross- 
section. 

Since, now, in switchgear (especially in lever switches on 
switchboards) a rise of temperature up to about 50° C. (Le., 50° C. 
above the surrounding objects) is permissible, hence considerably 

Table II. — Standards for Copper Conductors according to 
THE " Verband deutscher Elektrotechniker." 





CroAs-section of 


1 


Cross-section of 




Cross-section of 


Current 


Gouductor. 


Current 


Conductor. 


Current 


Conductor. 


C anipK. 


a. 


C anip8. 


a 


• 


C ampH. 


a 




Sq. mm. 


S(i. ins. 




Sq. mm. 


Sq. ins. 




Sq. mm. 


Sq. ins. 


30 


6 


•0093 


130 


70 


•1085 


400 


310 


•481 


40 


10 


•0155 


165 


95 


•1472 


500 


400 


•62 


60 


16 


•0248 


200 


120 


•186 


600 


500 


•775 


80 


25 


•0387 


235 


150 


•225 


700 


625 


•97 


90 


35 


•0542 


■ 275 


185 


•287 


850 


800 


1-24 


100 


50 


•0775 


330 


240 


•372 


1000 


1000 


1-55 



smaller cross-sections can be used for the connections on switch- 
boards than for the external conducting leads. These reduced 
cross- sections can be calculated as follows : 

If I be the length of a conductor (in inches), a sq. ins. its 
cross- section, p its specific resistance (per inch cube), r the resist- 
ance and C the current (in amperes), then the power (measured 
in watts) converted into heat is : 



.. - n^^P 



C^r = a'^ watts 
a 



(1) 



This power is equivalent to the quantity of heat developed 
{Qi gram calories per second). 

Now, as soon as the conductor becomes heated, heat is radiated 
and in a short time a stationary stage is attained, in which the 



♦ Cf. " Elektrotechnische Zeitscbrift," 1902, No. 31, p. 673 ; Dr. P. HoUitschcr. 
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conductor has attained the temperature-rise <° C. (above the sur- 
rounding objects) and now dissipates just as much heat as is 
developed in it. Let this amount of heat dissipated by conduc- 
tion and radiation be Q2 gram calories per second. 
We have now : — 

1 watt ^ '24 gram-calories per second* . (2) 

hence 

C^ - watts EE -24 C^ — gram-calories per second . (3) 

therefore 

(2i = -24C2^ ... (4) 

a 

Since, however, the heat dissipated 

Q2=z ht S = htpl. . . . (5) 

where h is the radiation constant (emissivity of heat for the 

surface), which is dependent upon the material, the nature of the 

surface and the method of supporting the conductor, S denotes 

the whole superficial area of the conductor, and p the periphery 

of the cross-section. Then we have for the stationary state : — 

Qi ^ Q2 (6) 

•24 C' = 'il^-^ .... (7) 

P 

If, therefore, for f^ rise in temperature the diameter d of the 
wire, and hence also ap be known, then the corresponding 
diameter for t^ can be calculated. For the particular case where 
fi^ = 50° C. and i° = 10° C, so that ti = 5 t, we have obviously, if 
the specific resistance per inch cube for 10° and 50° C. rise in 
temperature be taken as pio = '69 and pso = '802 respectively, 
corresj^onding to the temperature coefficient of copper a = 
^ -004 :— 



hence 



Pio PSQ 



a p -802 
or, as a general formula. 



"'?'>= 5^ -69 



t PfiO 

aipi = ap- X — . 
h Pio 

^ signifies " is equivalent to." 



(8) 
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Since 



TT 



hence 



therefore 



a = tP-^ancI p =: d tt^ 



p^ =z cP TT^ =z 4^ TT a, 
a p = 2 VV Va^, 



-=»^/(y'e-s)' 



(9) 



(10) 



and consequently 

Hence, from equations (8) and (9) 

therefore for 

= 10° C, h = 50° C, pio = -69, /)go = -802, 

ai = -878a (11) 

For 50° rise in temperature (instead of 10°) we can therefore 
reduce the cross- sections of the copper from a to ai and obtain 
thus the following values : — 



Table III. — Copper Conductors for 60° C. Temperature Rise. 





Crom-sectional Area 




Cross-sectional Area 




CroBg-gectional Area 


Current 


of Conductor a. 


Current 


of Conductor a. 


Current 


of Conductor a. 


C amps. 




CarnpR. 






C ampB. 






Sq. in 9. 


5q. mm. 

2^27 




Sq. fuM. 


Sq. mm. 




Sq. ins. 


Sq. mm. 


30 


•00352 


130 


•0411 


26-5 


400 


•1812 


117 


40 


•00586 


3^78 


165 


•0557 


35-9 


500 


•234 


151 


60 


•00938 


605 


200 


•0703 


45-3 


600 


•293 


189 


80 


•01464 


9-45 


236 


•088 


56-7 


700 


•366 


236 


90 


•02046 


13-2 


275 


•1082 


69-8 


850 


•468 


302 


100 


•0293 


18-9 


330 


•1406 


90-7 


1000 


•586 


378 



Since, however, switches are usually only made for current 
values of 25, 50, 100, 200, 300, 400, 500, 750 and 1,000 amperes 
in order not to increase the number of standard sizes unneces- 
sarily, hence we can take the following cross-sections for the 
connecting leads as standard for 50° C. rise in temperature. 
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Table IV. — Standard Cross-sections for Copper for 50° C. 

EisE IN Temperature. 



C amps. 


a for 50 ' C. 


d (for Circular 
Copper Kod). 


Cable. 
Apparent Cross-.section. 


Cable. 

External 

Diameter. 




Hq. ins. 


Ins. 


Sq. ins. 


Ins. 


25 


•004 


•0714 


•00407 (1/15) 


•072 


50 


•009 


•107 


•00865 (7/19) 


•12 


100 


■03 


•195 


•034 (19/18) 


•214 


200 


•08 


•319 


•075 (19/15) 


•321 


300 


•11 


•374 


•117 (37/16) 


•896 


400 


•19 


•492 


•2 (37/-082) 


•508 


500 


•24 


•553 


•25 (37/092) 


•57 


750 


•4 


•713 


•4 (61/13) 


•73 


1000 ; 

1 


•6 


•874 


•6 (61/^110) 


•873 



By the aid of this table we can now easily determine the 
corresponding boring diameters Z) for the cable sockets :— 

Table V. — Boring Diameters for Cable Sockets (50° C). 



C amps. — 


25 


50 


100 


200 


300 


400 


500 


750 


Z) ins. — 


•08 


•18 


•23 


•35 


•43 


•55 


•62 


•8 




abt. 


abt. 


abt. 


abt. 


abt. 


abt. 


abt. 


abt. 




5 ft 


*" 


*r 


w 


7 " 


" 


i" 


w 



1000 

•95 

abt. 



The small increment which is added to make up the dimension D 
serves to ensure a secure and satisfactory soldering of the tinned 
end of the cable into the hole in the cable socket, which has also 
previously been tinned. The remaining dimensions of the cable 
socket, as als© several forms of cable socket, are given later. 

The sizes of the bolts leading to the apparatus, as also the 
dimensions of the contacts, are determined by the normal screw 
standards, according to which the values given in the following 
table are obtained : — 

Table VT.— Standard Screws. 



Current in amps. C = . 



Diameter of screw -, 



i ins. d — 



(mm. d = 



1 










_— ^_— 


25 50' 100 


200 


300 


400 


500 


750 


A'i' A 

5 8 


'i 
10 


11 


12 


14 


17 



1000 

20 
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Either Wiiitworth threads may be used or those of the 
" System International " (S.J. thread — d in millimetres — 
employed on the continent). 

The connecting bolts are generally tamed up out of hexagonal 
drawn copper rod, by which means the fastening of the same is 
rendered easier, since an ordinary 
spanner can be used for this purpose, 
whilst, at the same time, an ample 
area of contact is obtained, as can be 
seen from Fig. 1. 

The contact blocks themselves may 
either be made flat or of angular )- 

form (and, indeed, either symmetrical 
or unsymmetrical) (Figs. 1, 2, 3). 7- 

The dimensions of the contacts can 
easily be estimated from the screw 
standards (Table VI.), it being only 
necessary to take into consideration 
the fact that the breadth b must be 
larger than the diameter D3 of the 
corresponding washer. The length I 
may appropriately be taken as equal ]?,(,. 1. 

to 2b and the thickness c as equal 
to the diameter d of the screw. In the angular contacts 




T"^- 



\S- 



(Figs. 2 and 3), the height li should be made equal to about 
b up to 1"6 b. 
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Tlie following table gives the dimeoBionB of the contact 
blocks : — 

Table VII. — Contact Blocks. 



IHEDwtec or Screw. 


6 


i = 2h. 


< = rf. 


.„„... 1 ,„.,™. 


InH 


,... 


1... 


ft I 6 


i 


IJ 


ft 


i ! 6 


i 


1 


i 


A i 8 


a 


1 


ft 


t ' 10 


ift 


2 


« 


A 1 11 


ift 


2 


ft 


J 12 


ift 


2 


i 


ft 1 ll 


Ift 


3i 




H 17 


H 


3 


J 20 


i| 


3 


J 



60 
100 
200 
300 
400 
500 
750 
1000 



In order, now, to eatiniate the dituenBions of the cable 
BOcbetfi, it mast in the first place be borne in mind that 
the tnbular extension into which the cable 
is soldered (screw-connection is lees secure) 
must have at least the same cross-section 
as the cable concerned. If, accordingly 
(Figs. 4 and 5), the internal diameter of 
the cable socket be denoted by Tf and 
t±)±' 





the external diameter by D„, then the following condition must 
be fulfilled :— 

o = (P.«-;<')^ .... (12) 
For 50" C. rise in temperature the internal diameters D 
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of the cable sockets are given in Table V. For conductors 
in which a rise of temperature of only 10° C. is permissible, 
the internal diameters of the cable sockets should be deter- 
mined from Table II., from which we obtain the following 
table : — 



Table VIII. — Internal Diameter of Cable Sockets. 

(10° C. rise in temperature.) 





CrosD-Mction 


For round 






TCvf Amal 


Internal 


Cainp& 


nr Copper a 
sq. inii.(10''C.) 


Copper 
Wres, 


Apparent Gross-section 
of Cable. 


X]iAU;riuti 

diameter or 


diameter of 
Cable-8ocket, 




(Table II.). 

•0093 


d ins. 


•012S 


■> (7/18) 


•144 


i)ins. 


30 


•109 


A 


40 


•0155 


•14 


•017 


(7/17) 


•168 


A 


60 


•0248 


•178 


•025 


(7/^068") 


•204 


¥ 


80 


•0387 


•222 


•046 


(19/17) 


•25 


7?i? 


90 


•0542 


•268 


•06 


(19/16) 


•286 


A 


100 


•0775 


•814 


•094 


(19/14) 


•857 


H 


130 


•1085 


•372 


•117 


(37/16) 


•896 


7 
16 


165 


•1472 


•483 


•15 


(37/15) 


•446 


fi 


200 


, ^186 


•487 


•2 


(37/'082") 


•508 


A 


285 


•225 


•535 


•25 


(37/-092") 


•57 




275 


•287 


•604 


•3 


(87A101") 


•626 


H 


880 


•872 


•688 


•4 


(61/13) 


•78 


u 


400 


•481 


•782 


•5 


(61/-101") 


•801 


i 


500 


•62 


•888 


•65 


(61/^118") 


•936 


i^ 


600 


•775 


•998 


•8 


(91/12) 


10 


1^ 


700 


•97 


111 


10 


(91/^118") 


114 


1 •' 


850 


1-24 


1^26 








1 


1,000 


1-55 


1-4 






1 





With the aid of equation (12) the external diameter A* of the 
cable socket may now be determined. 

The length L of the tubular portion of the cable socket (see 
Figs. 4 and 5) should be taken equal to 2 D, whilst the flat 
portion, which is either connected to the contact block or else is 
screwed on to the contact block, is most conveniently made of 
the same dimensions as the contact block, the thickness being 
taken as equal to 1/2 c. 



12 



SWITCHES AND SWITCHGEAR 



In this way the following Tables IX. and X. for cable sockets 
are obtained : — 

Table IX. — Cable Sockets (50° C. Rise in Temperature). 



C amps. 



50 
100 
200 
300 
400 
500 
750 
1000 



D. 


L = 2D. 


Ins. 


Ins. 


1 
8 


i 


*f 


41 


ih 


« 


A 


I 


A 


n 


t 


li 


H 


If 


u 


m 



5. 
Ins. 



d 
Ins. 



Idh. 



e. 



In?. 



A. 
Ins 



n 



i 

9 



3 


3 


TJ? 


1^ 


5 


o 


TTT 


T^ 


M 


A 


M 


41 


4 


H 


U 


i 


1^ 


I 


lA 


1 



9 

lA 
li 



For the sake of lessening the number of standard sizes the 
appropriate steps for various currents are arranged in larger 
groups, it being then only necessary to vary the internal diameter 
of the socket according to the cable employed. 

Another much used form of cable socket is shown in Fig. 6 
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Fig. 6. 



/^K>n 







Fig. 7. 



this type, like those shown in Figs. 4 and 5 is very easily made. 
For the connecting leads on the back of the switchboard very 
simple cable sockets, such as those in Fig. 7, which are bent up 
out of tinned sheet copper, are often used. It is most advisable 
in this case to obviate a possible unintentional break of connection 
at the soldered joint by means of a pin (rivet) u 
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Table X. — Cable Sockets (10° C. Eise in Temperature). 





D. 


L. 


h. 


Cl = Ti- 


D 


f. 


^. 




CampH. 








* 2 


a* 






Type for 




Ins. 

t 


Ins. 


Ins. 


Ins. 


Ins. 


Ins. 


lus. 




30 


J. 
4 


fi 


3i 


7 


i 


e 

10 


30 amps. 


40 
60 


ti 


\ 


\ 


8 


3 


s 

"8 


i 


50 amps. 


80 


11 

K 1 
















90 
100 


1 


ML 

16 


6 
^2 


1 




To 


ItV 


100 amps. 


130 


i) 
















165 


9 V 
1 fl J 
















200 


* 


H 


lA 


To 


1 


1 3 
1 0' 


if 


200 amps. 


235 


1 6 








( 








275 
330 


i i 


ij 


ItV 


7 
32 


H 


15 

I'a 


IS 


300 amps. 


400 


a ' 


15 


IJ- 

■■■10 


i 


H 


ItV 


1* 


400 amps. 


500 


H 


2i 


ItV 


e 


IW 


IJ 


If 


500 amps. 


600 


li i 
















700 


1.'. 


3i 


H 


Si 


IJ 


H 


2i 


750 amps. 


850 


It'.- ) 
















1000 


If 


3i 


11 


A 


2tV 


i« 


2^ 


1000 amps. 



For higher currents (from about 100 amperes upwards) the 

connections on the switchlx)ard are usually made of flat copper 

bars. In order to ascertain the dimensions of these equation (7) 

may be used. If we call the thickness of the copper bar h and 

its width JS, then we have : — 

a = jB5, 

p = 2 (B + 5), 
hence 

'pa^1Bh{B -\-h) . . . (13) 

for the corresponding circular wire we have 



It 



ap=: d^j 



(14) 



therefore, setting tt = '^ 10, we obtain 

Bh {B + B) =z 1-25 (P . . . (15) 

The values of d must be taken here from the Tables IV. and 

VIII. As regards the breadth B, the normal values for the 

breadth b of the contacts will be used in consideration of the 

method of fastening the flat copper rods. Equation (15) therefore 
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renders it possible to determine the thickness B of the flat copper 
bars. In this way the following tables are obtained : — 

Table XL — Rectangular Copper Bus-bars (50° C. Rise in 

Temperature). 







1 


Rectangular Copper. 




d ins. 


h ins. 




C ampa. 


Table IV. 


Table VII. 


Breadth B. 
InK. 


Thickness fi. 
InK. 


100 


•195 


\i 


M 


A 


200 


•819 


lA 


h\ 


^ 


800 


•874 


lA 


lA 


A 


400 


•492 


iiV 


Wff 


^\ 


500 


•553 


h\ 


lA 


* 


750 


•713 


H 


H 


A 


1000 


•874 


i| 


n 


i 



Table XII. — Rectangular Copper Bus-bars (10° C. Rise in 

Temperature). 









Rectangular Copper. 






<2iiu. 
Table VIII. 


h in8. 
Table VII. 








C ainpa. 


Breadth li. 


Tliickneas 6. 


Type for 








InH. 


Ins. 




80 
100 
130 


•222) 
•814- 
•872, 


i* 


M 


(A) 


100 amps. 


165 


•433) 










200 
235 


•487- 
•535] 


itk 


h\ 


200 amps. 


275 
330 


•604 \ 

•688) 


lA 


lA 




800 amps. 


400 
500 


•782 
•888 


lA 




i 


400 amps. 
500 amps. 


600 

700 
850 


•993) 
111 
1^26 . 


1 


ll 




750 amps. 


1000 


14 

1 


1 1* 


n 


1 


1000 amps. 



I I 

(The values of 6 are given to the nearest -^.^ in. above or below.) 
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CHAPTER HI 

CONTACT SPRINGS AND BRUSHES — CARBON CONTACTS — DEVICES TO 
ELIMINATE SPARKING AT THE MAIN CONTACTS 

Amongst the most important components of switching apparatus 
are the contact springs and contact brushes, which perform the 
duty of conveying the current from the fixed contacts to the 
movable parts of the apparatus. In most cases the arrangement 
consists of a powerful knife or contact blade which is pressed in 
between single suitably resilient contact springs generally made 
of hard copper plate (spring-copper), though frequently, and 
indeed, particularly advantageously, constructed of brass plate. 
For higher current strengths a single springy strip is no longer 
sufficient, and a number of springs built up into a bundle (a brush) 
is then used. Furthermore, in the most modern constructions 
(such as those of the firm Dr. Paul Meyer, A.-G.) block 
contacts are employed. 

The contact springs and contact brushes can, according to the 
magnitude of the relative motion between them and the contact 
blades (or switch lever or fixed contacts, as the case may 
be) be constructed as sliding (rubbing) contacts or as pressing 
contacts (sliding brushes or touching brushes). In general 
these two forms of construction are equally good when the 
design and workmanship are correspondingly good, although 
with pressing contacts there is less danger of the movable 
parts becoming melted or welded on to the fixed parts. This 
latter circumstance is, however, not of such very great impor- 
tance, since it is easy to guard against the burning of the 
contact surfaces by making use of suitable devices to take up 
the arc. 

The form of spring contact (Fig. 8) which was formerly much 
used was constructed by milling out a slit in a contact block ; 
this method had, however, the disadvantage that the smallest 
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inaccuracies in workmanship resulted in the production of a 
very bad contact. 

The design shown in Fig. 9, consisting of two springs soldered 
into a block of brass or copper, is also not much better. 




An excellent contact ia, however, obtained by the use of the 
springs shown in Figs. 10, 11 and 12, which are constructed of 

springy sheet-copper (sometimes springy brass), and are either 
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(as in Figs. 10 and 12) gripped and held by screws on to the 

contact block or are riveted and soldered into it. 

In the construction indicated in Fig. 18, several contact springs 

(generally two or three) are provided with suitably thickened 

ends, which rub simultaneously on the contact block. The longer 

springs must have a greater sag than the shorter ones, in order 

to allow free play to the individual spring strips. 

The calculations for the design of the contact springs can be 

carried out according to the laws of elasticity and strength of 

materials in the following way * : — 

Let I in. = free length of a spring. 

b ins. = its breadth. 

h ins. = its thickness. 

P lbs. = pressure normal to the long axis of the spring 

acting at a distance of I in. from the fixed 

end. 

/ ins. = (elastic) deflection of the spring when fixed at 

one end. 

lbs 
E — ^ = the coeflScient of elasticity + of the spring 
oQ* in. 

material. 

lbs 
<T - - .'— = the permissible stress for the material, 
sq. m. ^ 

I = moment of inertia of the cross-sectional area. 

Then the bending moment v — 

M^ = P.l (16) 



and 



therefore 



cr- y-X^- -y^ . . . (17) 

P l^ 4 p /s 



a "■ S^E^ 5 • • • • ^^^^ 



* Erlacher, " Elektr. Apparate fiir Starkstrom," Verlag Janecke, Hanover, p. 15 ; 
Edler, "Elemente d. elektroraech. KoDstruktionen," Vorlag Deuticke, Leipzig- 
Wien, p. 67. 

+ Bach, " Elastizitat UDd Festigkeit," 4th edition, 1902, p. 4. 

S- C 
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For the calculatioa of the dimensions the following guides 
may lie used : — 

The breadth of the spring b ins. is best made equal to the 
breadth of the corresponding contact block. 

The coefficient of elasticity E can be taken as about 15-6 X 
10^ to 17"0 X 10" lbs, per eq. in. for copper springs and about 
14'2 X 10^ for brass springs. 

The permissible stress (a Ibs.per 8q.in.)iorthe given material 
should always be within the elastic limit. 

Ae regards the force 1' lbs. which tends to bend the spring, 
this is equal to the product : — Area of contact F sq. in. X specific 
surface pressure p lbs. pef sq. in., assuming that the force P acts 
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normally to the contact surface. The specific surface pressure p 
in the case of springs such as those shown in Figs. 10, 11, 12 
and 13 should be taken as not less than 4'25 lbs. per sq. in. ; 
hence it is advisable for the sake of safety to calculate with 
p = "^ 7 lbs. per sq. in. 

Finally, the current density C^ amps, per sq. in. on the 
contact surface F sq. ins. is worthy of mention ; we have, of 
course, 

C amps. = Cf F . . . . (20) 

According to Erlacher's figures ("Elektr. App,," pp. 13 and 
14), the current density Cf can Ije taken as alx)ut G4 amps, per 
sq, in. With carefully ground contact surfaces values up tc 
about 96 amps, might be permissible. 
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Taking the preceding values, we obtain from equation (17) 
and (19) the following conditions for copper springs (with 

^ = 8500 and E = 17*0 X 10«) :— 

P I = 1417 h .b^ . . . . (21) 
and 3000 8/= ;2 (22) 

In the case of springs of the type shown in Eigs. 10, 11 
and 12, if the distance I from the middle of the contact sur- 
face to the fixed end be taken as equal to 1*5 b, then we obtain 
from equations (21) and (22) the following values in round 
numbers: — 

Table XIIL— Contact Springs (Figs. 10 & 11). 



Curreiit. 


i>. 


1 


1. 


Current Density 


Camps. 


Inn. 


1 

Ids. 

1 


Ins. 


Amps, per sq. in. 


80 
50 


1 

i 


1 


1 


38-5 
44 


100 
200 


1 


1 1 
■ ^ 1 


If 


50 
71 


800 
400 






2 

2J 


87 
97 



It will be noticed that the current density Cf for a current 
C = 200 amps, is already higher than 64 amps, per sq. in. ; 
besides this, the working of the sheet-metal in the factory for 
the higher current strengths is no longer so simple, since for 
200 amps, b is already as much as ^^ in. It is, therefore, 
advisable in the case of larger currents to use two or three 
contact blades connected in parallel. Even then, however, it will 
hardly be possible to employ the type of spring under consideration 
for 1,000 amps, and it will be necessary to adopt brushes. 

Only relatively few of the various forms of contact brushes 
have proved themselves to be of general use. In Figs. 14, 15, 
16 and 17, some of these brushes are shown. Those which lie 
obliquely on the contact blades are to be preferred, since they 
give a larger area of contact. The angle between brush and 
contact is generally about 80 degs. to 45 degs. to 60 degs., and 

2 
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the maximum value for the current density Cf at the contact 

surface can be taken as about 260 amps, per sq. in., whilst 

the specific surface pressure p 

'■^^^, ^^ should be ~ 28 lbs. per sq. in. 

' The free ends of the brush 

laminations should be filed 

very convergent in order to 





Fig. 16. 

obtain free play of the individual laminations, and hence the 
brushes, when pressed against the contact block, will have to be 
spread out wide apart from one another, in consequence of ^rhich 
fact the deflection of the longer spring laminations becomes 
considerably greater than that of the shorter inner ones. 

For copper brushes of the form shown in Fig. 17 resting at 
an angle of 30 dogs, the following dimensions may be chosen 
(according to Erlacher) : — 





Table XI\ 


.—Copper 


3RUSIIE8 (Fig. 17). 










""«■• 


■„,. 


In.. 


-Vunibfr. 


Mil.. 


60 
100 


II 


!X 


8 


16-7(=abl.5^") 
23-6 


•200 
400 




^ 


11 

u 


31-5(=abt.A") 
39-4(=abt.s'i"> 


700 
1000 


23 


3J 
31J 


12 

y 


03-0(=abt.A") 
94-5 (= aM. i\") 
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Besides contact springs and contact brushes built up of sheet 
copper or brass, carbon contacts are also very frequently used 
for switebgear because they do not fuse together under the 
action of the arc. In most cases, certainly, they only carry the 
current temporarily, as, for instance, in starting and regulating 
resistances, where they serve for the cutting-out of the individual 
resistance steps, and in switches, change-over switches, automatic 
switches, etc., where they are generally used for breaking the 
arc which is formed on switching out. In these cases either 
two carbons or one carbon and one metallic contact (copper) can 
be employed in conjunction with one another, and here again 
the carbon contacts may be 
formed either as rubbing or as 
pressing contacts, the latter 
type being, however, more 
usual. In any event, however, 
at least one of the two contacts 



I 
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should possess a certain amount of resilience in order to make 
allowance for the unavoidable wear due to the friction and to 
the burning of the carbon by the arc which is formed. 

For carbon contacts a current density of about di to 128 amps., 
per sq. in. is permissible with a specific surface pressure of 1*4 
to 2'8 lbs. per sq. in., the resistance across the contacts being 
about 0-0031 to O'OOTSohmsper aq. in. (cf. Niethammer, "Elektr. 
Maschinen, Apparate und Anlagen," Vol. III., p. 866). 

Fig. 18* shows an arrangement of the carbon contacts such 
as may be used on knife-switches for breaking the arc. Here 
the pieces of carbon are fastened on to special springs by means 
of suitably bent strips of slieet-metal, in such a way that they 
may be easily removed and renewed. 
■ From Eriacher. 
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Another arrangement which la frequently used, especially 
on the levers of starting and regulating resistances, is shown in 





iGir**-.t 



f « 



^ 



1=%^^ 



Fig. 20. 



Fig. 21. 




Fig. 22. 





Fig. 23. 



Fig. 19, where the carbon K is placed in a split brass carrier 
which passes through a corresponding slot in the lever. The 
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current is led up by means of thin copper strips B, whilst a 
steel spring S presses the carbon on to the contact block. 
Devices ot this kind are termed " plunger carbons " (on account 
of their similarity to the plunger pistons of pumps, etc.). 
Frequently, however, the copper strips for the conveyance of 
the current are omitted, so that the current is carried only by 
the steel springs and the cylindrical guide, with the result that 
on the one hand an excessive heating of the spring and a conse- 
quent diminution of its strength is caused, and, on the other 
hand, the slot in the lever becomes gnawed away by little sparks, 
and hence chipping and gripping of the carbon occurs, so that 
the whole carbon becomes liable to break ofE. 

The carbon is also frequently gripped in a lever, as indicated 
in Fig. 20, where a spring / yields the 
necessary pressure behind the carbon, 
whilst a pull-rod S performs the opera- 
tion of opening ot the circuit. Designs of 
this Boit are frequently to be met with, 
especially as anti-arcing devices in self- 
starters, since the whole arrangement can 
he easily placed above the other parts of 
the apparatus, thus permitting the are 
to spread upwards quite freely without „ ^, 

causing any disturbance whatever. The 

length of break between the carlmns can be increased by the use 
of two levers moving in opposite directions, as shown in Fig. 21, 
in which case, of course, the two levers must be carefully insulated 
from one another. 

Fig. 22 illustrates finally a much used form of plunger carbon, 
with which a fine adjustment of the carlx>DS to allow for wear is 
obtained by the use of a nut and lock-nut. Here again the con- 
veyance of the cmrent to the carbon is of importance. It can 
be carried out in the way explained by means of a rubbing 
spring or a flexible cable. Carbon contacts of this kind are 
principally employed for starters in the form of sets consisting 
of a large number of single contacts ; similar contacts are also 
used in oil, whereby the arcing is reduced to a minimum. 

Fig. 23 {from Erlacher) indicates how a carbon contact can be 
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used in the simplest way in conjunction with a brush, in order 
to take the spark on breaking circuit. Here the carbon rubs on 
an auxiliary contact which is affixed to the main contact on 
which the brush rests. The auxiliary contact may be made 
renewable somewhat as indicated in Fig. 24. 

Some other devices for the withdrawal of sparks from the main 
contacts will be mentioned in connection with knife-switches, 
fuses, battery switches, automatic cut-outs and regulating 
switches (starting switches). 
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CHAPTER IV 

SWITCHES AND CHANGE-OVER SWITCHES FOR LOW PRESSURE AND 

MEDIUM PRESSURE 

In accordance with the regulations of the Board of Trade and 
the Institution of Electrical Engineers, it is recommended to 
design one series of switches for voltages up to 250 volts (low- 
pressure switches) and a second series up to 650 volts (medium- 
pressure switches) for the normal current steps of 25, 50, 100, 
200, 400, 500, 750 and 1,000 amps.; for still higher current 
strengths it is generally necessary to adopt quite different 
principles of construction than those for the values mentioned. 

Lever switches for 1,000 volts up to about 
2,000 or 3,(X)0 volts were until fairly recently 
still built in similar types to the medium voltage 
switches, care being taken that the contacts 
were placed sufficiently far apart. In modern 
times, however, it has become universal practice, 
even at these voltages, to adopt the high-pressure 
type of switch, which for still higher pressures 
(up to 50,0(X) volts and more) is the only type 
applicable ; in fact, in this latter case only horn switches, and 
still more particularly oil-switches, come into consideration. On 
this point further particulars are given in the next chapter. 

Low-pressure Switches. — The dimensions of the individual 
parts of the switches are determined by the current strength 
G amperes, whilst the voltage E fixes the distance between the 
contacts of one and the same pole and the space between different 
poles (for two-pole and multi-pole switches). 

The following values (up to 250 volts)* can be taken for the 
mean distance D ins. between two contacts of the same pole 

♦ According to Erlachcr, 
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(cf. Fig. 25) and for the mean distance d ins. between two 
poles : — 



D ins. = 4 ins. + ^^ 

C 



d ins. = 2 ins. + ^r^^ 
This gives the following measurements : — 

Table XV. — Low-pressure Switches, 250 Volts. 



. (28) 
. (24) 



C amps. = 


30 


50 


100 


200 


400 


700 


1000 


D ins. = 


4J 


4t\ 


4g 


4| 


5^ 


6| 


8 


d ins. — 


2J 


o a 


2^ 


2J 


*^8 


4| 


6 



(For the higher currents these figures may he somewhat reduced.) 

These values agree sufficiently well with the experimental 
results obtained by Russel and Patterson for continuous current 
up to 300 volts and 90 amps.* They are, however, only intended 
as guides and do not always apply in practice. 

In almost all modern lever switches, which are used to break 
circuit under current, the so-called " quick-break '* is employed ; 
the only exceptions are constituted by switches for such circuits 
as contain high self-induction (or capacity, as, for instance, long 
cables), and the high-pressure horn switches, since in these cases 
dangerous rises of voltage may occur in consequence of electric 
" resonance.'* From the very nature of the case it is evident 
that more particular attention must be paid to this point in 
dealing with alternating current. 

The essential principle of the quick-break consists in making 
the speed of breaking circuit independent of the speed at which 
the switch-lever is moved, so that, no matter how slowly the 
switch-lever moves, the path of the current is always opened at 
one and the same predetermined speed. The problem is solved 
by making the contact blade and the hand lever move inde- 
pendently, whilst at the same time connecting the contact blade 
to the switch lever by a spring ; during the operation of switch- 
ing-out this spring becomes stretched and, when a certain 

♦ Cf. '• EleklrQtechnisclie Zeitschrift," 1902, p. 184. 
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Fig. 26. 
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tension is reached, a tripping device acts on the blade and 
prsBsea it out of the conUicts, the motion being rendered ahnost 
instantaneous by the stretched spring, which tears the blade 
rapidly out. Frequently, however, the contact blade is connected 
directly to the handle of the lever ; hut, in this case, a v 



Pic. 27. 
auxiliary blade is provided for the quick-break and the connection 
of the two parts is carried out as indicated above. 

In any event the switches must be provided with devices to 
withdraw the arc from the main contacts, in order to protect 
these latter and to restrict the more or 
less disturbing effects of the arc formed 
on breaking circuit to easily interchange- 
able contact pieces only ; these contact 
pieces are sometimes termed " arcing 
contacts." 

In the illustrations some typical forms 
of two-pole and multi-pole lever switches 
are represented. Fig. 26, for example, 
Pj^, ,^g shows a lever-switch of Erlacher's design, 

in which the two fixed contacts are 
made in the form of springs like those shown in Fig. 11; 
one of the two contact springs serves at the same time as the 
turning point for the contact blade, whilst the withdrawal of 
the spark from the main contacts is effected by means of the 
auxiliary blade on carbon contacts similar to those shown in 
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Fig. 18. For two-pole and multi-pole switches for more than 
250 volts the marble shields observable in Fig. 26 are added in 
order to prevent the arc from jumping across. 

In Fig. 27 a two-pole switch* with fuses is shown, in which 
contacts made up according to Fig. 3 are used, these contacts 
being swept on both sides by strips of springy copper ; besides 
this an auxiliary strip k is provided which breaks the arc on a 
carbon k as soon as the tension of the spring is sufficiently 
great to overcome the friction between k and k {at. Fig. 28). 
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Fig. 29 shows a switch! for 250 volts and 40 amps, (masimnm 
235 amps.) ready for mounting on the switchboard (without 
base-plate). This switch has no quick-break. 

In the design of switches it is necessary to take care that 
the switch-lever cannot by any possibility switch itself In — an 
eventuality which can occur if the switch is mounted with the 
lever-handle directed downwards, or it in the case of a change- 
over switch the " off " position is not sufficiently stable. 

Tlie handle of the switch can be fixed either on an extension 
of the lever (Figs. 29, 30) or above the blade (Figs. 26 and 27) ; 

• Sclicibor k Kwayaser, Wicn. 
t Dr, Paul Mejcr, A.-G., Berlin. 
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the latter arrangement has the advantage tliat the switch requires 
less space for mounting- 

In the two-pole switch shown in Fig. 80, which is intended for 
250 volts and 600 amps., contact springs of the type illustrated 
in Fig. 18 are employed, and the 
breaking of the arc occurs between 
a spring screwed on to the main 
contact and acarbon cylinder which 
' is carried by an arm fixed to the 

front face of one of the contact 
springs. 

Medium - pressure swUches, — 
Switches for 500 — 600 volts, some- 
times even up to about 750 volts, 
I are generally denominated as 

medium-pressure switebes. They 
differ but slightly from the switches 
p g. for 250 volts, since it is only 

necessary to increase somewhat 
the distance between the contacts, and to pay more especial 
attention to the device tor taking the arc. Certainly it is also 
advisable under certain circumstances to protect the individual 
poles of multi-pole switches against arcing over 
by means of screens of marble, asbestos cement n 
or something similar, as was indicated in the U, „,~"""-\ m,^^ 
switch in Fig. 26. Protecting caps or shields [| ||| ■ ^;\\]] 
made of impregnated paper pulp or of sheet- j /■•'.->' 

metal lined with asbestos are also frequently / / 

employed to protect the hand of the switchboard / / 

operator against burns. ' / 

The switch shown in Figs. 31 and 32* is ^k. 32. 
designed for 550 volts and currents up to 750 
amps. Here the interruption of the circuit takes place at the 
main contacts, which are very solidly built and are so shaped 
that, at the moment of breaking circuit, the path of the current 
is such as to produce a powerful magnetic "blow-out" field 
(ct. Fig. 3'2) and ho cause the arc to be blown violently 

• Dr. Pnnl Meyer, A.-G., Berlin— E lee; tiical Engloeuriiig nod Erjuipiueiit Co., 
Ltd., London. 
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upwards, thus materially aiding the operation of interrupting 

the current. 

By the use of this form of contact the further advantage is 

attained that the parts at which the arcing 

actually occurs lie outside the actual current- 
carrying surfaces when the switch is closed, 

BO that the working contact cannot become 

deteriorated by the formation of metallic 

beads through the melting of the metal. 
As a matter of fact, this form of contact 

spring, which was first introduced by the 

firm Dr. Paul Meyer, A.-G.,* is the most 

modern one of all and the one which has 

proved itself most generally appropriate. 

It has given excellent results, particularly 

in consequence of the fact that stouter 

material is used and that the metal is 

therefore subject to considerably smaller 

strains — a circumstance which is of advan- ^"^- '*^- 

tage not only with regard to the operation of switching-out, but 

also in respect to the insensibility to heating. 

Eig. S3 shows a type of 
switch made by Messrs. 
Morris & Lister of Coventry. 
This is characterised in the 
first place by the use of a 
particularly rigid form of 
contact spring, each half of 
the clip being formed of a 
Pjq 3^ strip of springy copper bent 

double and having both ends 

fixed into the contact block. A further characteristic of this 

design is the use of an auxiliary spring-controlled flipper, which 

works in a slot in the main blade and engages in an auxiliary 

contact between the top main clips. The blade itself is formed 

of two strips of copper supported on a central cast-iron piece, 

which takes the mechanical strain. 

* ElectiEcal EDgineeriiig and Equipment Co., Ltd., London. 
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Svitcheg for high-cun-ent-slrengths.—~Foi currents of 1,000 
amps, and over the contact springs become very large and, 
in tact, can hardly be manufactured bo as to be reliable in 
practical use. On this account 
copper brushes, as illustrated 
in Figs. 34 and 35* are very 
frequently used for high cur- 
rents, although endeavourB 
have also been made to follow 
some American examples and 
avoid the use of brushes by 
employing several contact 
blades of drawn sheet-metal 
arranged side by side as shown 
in Fig. 36.+ 

Switches for 1,000 amps. 

I and over are only very seldom 

Pj^ jjj opened under current, and 

even then neier idth full Umti, 

since no design will stand, even if only for a few times, the action 

of an arc of, for example, 1,000 amps, and 260 volts (or more). In 



such switches, therefore, it is only necessary to provide a com- 
paratively small device to take the arc, as shown, for instance, 
in Fig. 35 or in Fig. 86. 

• Voigt and Hneffiicr, A.-G., Fninkfnrt n.M. Rnckcnlicim (" KaTsl switch," old 



lypc). 
t Voigt and Hacffiicr, A 
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The thickness of the base-plate varies between ^in. for quite 
small Bwilches (50 amps.) and l^in. to l^in. for large switches 
(about 1,000 amps.). The heads of the screws 
which fasten down the contacts (on the hack of 
the hase-plate) should be suuk in marble and 
the holes filled out with insulating compound, 
so that the back of the base-plate is perfectly 
even ; its front face and the narrow side and 
end surfaces are carefully polished. The back 
of the slate or marble base is frequently provided 
with a coating of good oil paint or liu;quer (free 
from conducting ingredients, such as, for esample, 
lamp-black). 

For lever - switches helically - wound tension 
springs of circular-section wire (spring steel or 
spring brass) are frequently used, particularly pj^ ^^ 

for quick-break switclies (snap-out swibches). It 
is therefore advisable not to dimension these springs entirely 
according to " rule of thumb," but to check them somewhat by 
calculation, for which purpose the following formulae may be 
used (cf. Fig. 37) :— 

P = ;gx|x.. . . . (25) 

/ = 4 TT M ^ ff ^ . . . . (26 
where 

P (lb.) = the load on the spring in the direction ot the 

axis. 
d (ins.) = the diameter of the wire. 
fi(ins.) = the mean radius of a winding (cf. Fig. 87). 
T (lbs. per sq. in.) = the permissible stress for the material 

for torsion, 
/ (ins.) = the extension ot the spring from the original 
length lo in the unstretched stale to the 
length I under the inHuence of the force 
i'lbs. 
n = the number ot turns on the si)riog. 



Then we have 
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^ (fiq. ins. per lb.) = the coeflScient of shear for the spring 

material.* 
If we put 

f = xk (27) 

11= y d (28) 

IT (P 

P = ~ X - X <r . . . . (29) 
16 2/ 

f=4Trny^d<Tp , . . (30) 

If the space between two windings of the unstretched spring be 

denoted by Zo, then 

Zo = n (d + Zo) = n{d + ad) = nd{l + a) . (31) 

where a can be put equal '^ 0*4 (0*2 to 0'5) ; then, however, we 

have : — 

f=xlo=zxnd{l + a) . . . (32) 

consequently, 

x(l + a) = ^TTi/a fi . . . (38) 

The following values can be taken as the constants for the 

material : — 

A. for steel : 

^ = 1208 X 10^ '^- ^"'- P"' '^• 
<T = 28,400 to 56,800 to 71,000 lbs. per sq. in. 
(normal 42,600 lbs. per sq. in.) 

B. for brass : 

^^ ~ 568 . 10*' 

(T^ =z 5,680 to 14,200 lbs. per sq. in. (normal 8,520). 
From equation (33) we have then with a = 0*4 : — 

A. for steel : 

1000 X = 0-000742 y^ a . . . . (34) 

B. for brass : 

1000 X = 0-00158 //2 (T . . . (35) 

The values of y generally come out to about 3 to 6, and x is 

generally between 0*2 and 0-8 (cf. the author's detailed study on 

the calculation of tension springs in "Elektr. u. Maschinenbau,'' 

Wien 1906, pp. 375, 397, 417, 430). 

• Cf. on this point : Bach, "Elastiziiit und Festigkcit," 4th edition, 1902, § 57, 
pp 521—624 ; HUtte 18th edition, 1902, p. 438. 
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Finally the lever handles are worthy of mention. These were 
formerly generally constructed of wood, but in modern switches 
wooden handles are seldom found, for the reason that wood which 
is not specially treated is only an imperfect insulator, and 
besides this is liable to warp under the action of heat and in 
damp air, thus often causing the joints to work loose in a most 
unpleasant way. Ambroin and similar materials have proved 
themselves the best, and when these are used the handle should 
be provided with a sufficiently large guard-plate. Handles of 
this sort are now manufactured in quantity by specialised 
factories. 
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CHAPTER V 



HIOH-PRESSURB SWITCHES 



The continually increasing extension which has taken place of 
late years in the electricity-consuming fields of generating stations, 
land, indeed, not only of the town central stations, but also of the 
overland transmission (country) stations, has necessitated a con- 
stant increase in the voltage, so that this, as is well known, has 
now attained values which would formerly have been, considered 
impossible ; in consequence of this fact many new and difficult 
tasks have arisen in connection with the construction of apparatus, 
and have rendered necessary the adoption of entirely new 
principles of design. 

In the first place, naturally, the attempt was made to employ 
for high-voltage apparatus the typical construction used for 
medium-voltage apparatus, although, of course, either suitable 
modifications of the details or considerable increase in the dis- 
tance apart of the current-carrying parts had to be made ; never- 
theless, even with voltages which, according to modern ideas, 
would be considered moderate, the high-tension apparatus of this 
type attained dimensions which rendered the design of new types 
essential. The introduction of the horn-switch, which was 
undoubtedly a decided step in advance, rendered it possible to 
adopt voltages no longer attainable with the old types of switches. 
However, even the horn-switch was recognised as being no longer 
satisfactory for the very high voltages used in modern times, and 
at the present day the oil-switch holds complete sovereignty over 
this domain for the reason that it fulfils the requirements in 
modern high-tension installations in the best and most reliable 
way and, indeed, stands as yet unrivalled ; in fact the oil-switch 
will, to judge by all appearances, retain its position even for still 
higher voltages and powers. 
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(A) Uigh'tension siritckes of the simple or old type: (Lewr-Suilck 

type). 

Provided that only thoroughly-trained assistants be employed 
arrangements such as are shown in Fig. 86 (Voigt & Haeffner, 
A.-O., Frankfurt a.M.) can be used for voltages up to about 2,000 
— 3,000 volts ; the switch shown is intended for mounting on the 
front of the switchboard and is provided with quick-break and 
arcing-contacts. The insulation of the handle mast receive 
particular attention, and it is also of great importance to choose 
the position of the handle in 
Buch a way that it is entirely 
out of the path of the break- 
ing arc. All the same, how- 
ever, a switch of this kind 
requires particular caution 
on the part of the switch- 
operator, since the current- 
carrying parts are exposed. 

In any case, however, such 
simple high-tension switches 
should only be used for small 
currents or, in the case of 
high-current circuits, should 
only be employed in cases 
wliere the current is always Fio. 38. 

considerably reduced before 

switching-out, since otherwise the danger of the arc striking over 
from pole to pole is much too great. Even amply-dimensioned insu- 
lating BcreenB (oF marble, asbestos cement, or similar materials) do 
not protect with certainty against this latter danger. Switches of 
this type can, however, be employed with great advantage for 
switching out unloaded transformers (for instance, when new fuse 
replacements have to be inserted on the high-tension side), since 
in this case they are only very seldom operated and then only by 
the trained staff, whilst otherwise they remain entirely unexposed 
in the transformer chambers or high-tension switch-boxes. 

A very simple arrangement of the connection between the 
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hand-lever and the switch is shown in the design of Erlacher 
(Fig. 39), which, however, is open to the objection that the 
current-carrying parts (terminals, arcing-contacts, main and 
auxiliary contact-blades) are scarcely accessible even at the back 
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Fig. 39. 



of the switchboard, so that the arcing contacts can hardly be 
replaced without dismounting the whole switch. 

The necessary insulating rods and gear- levers are generally con- 
structed of rod-ebonite or also very frequently of wood (sometimes 
in conjunction with porcelain insulators). The wood (preferably 
maple, but sometimes ash or w'hite beech), freed from branches, 
is dried in a drying oven at a gradually increasing temperature 
(up to about 60 — 70° C.) ; then those rods which have not cracked 
or shrunk are placed in a vacuum oven, w-here the air is sucked 
out of the pores, and jBnally in the same oven melted resin 
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(sometimes also paraffin or insulating varnish) is forced into the 
wood under pressure. With careful treatment of this sort the 
wood becomes quite insensitive to damp and acquires almost 
unlimited durability together with perfectly satisfactory insulating 
qualities; the excellent mechanical properties of wood (ample 
strength and great elasticity for tension, compression and 
bending) render it, when its insulation has been increased as 
indicated above, vastly superior to ebonite and its substitutes, 
which are all more or less brittle and liable to break. It is, of 
course, necessary in designing high-voltage switches to take 





Fig. 40. 



Fig. 41. 



particular care that the wooden rods are placed well outside of 
the range of the arc. 

As mentioned already, the lever-switches are only suitable for 
comparatively low values of the high-tension voltage (hardly 
more than 3,000 volts), since for higher pressures the dimensions 
required become so great that in many cases the necessary space 
is not available (especially above the switch for the arc!). 
For instance the length of the lever in one of the high-tension 
switches made by the Westinghouse Co. for 22,000 volts is more 
than 3 ft.* 

The attempt was also made to increase the speed of breaking 
circuit and so secure a rapid extinguishing of the arc by the use 
of appropriately geared levers and by the addition of quick-break 

* Cf. Niethammer, " Berechnung und Entwurf clektr. Mascbinen, Apparate u. 
Anlagen," III. Bd. p. 168 (Fig. 216). 



40 SWITCHES AND SWITCHGEAR 

devices. Vig. 40, for example, gives a diagrammatic illustration 
of the high-tension switch of the A.E.G. of Berlin; the two 
levers hi lit carry at their ends the contact-surfaces Ki Ea and are 
fixed by means of (porcelain) grooved insulators i to the two levers 
a and b which rotate on spindles ; the lever H, in conjunction with 
the pull-rod Z, serves for actuating the switch, and the two switch- 
levers hi hi are connected hy means of copper strips to the leads 
Li & Ls (fixed on insulators). A similar switch was also built by 
the Gesellschaft fiir elektr. Industrie in Karlsruhe. Between 



the individual poles guard-screens of marble, asbestos cement or 
similar material are fitted. 

The construction, the principle of which is indicated in Fig. 41 
(Parshall's design— built also by the Union E.-G.) combines the 
quick-break (released by the loop g on the draw-rod and the 
springy ) with the division of the arc by double interruption at 
Ka and K, oa the front and hack of the board respectively ; here 
again the individual phases are separated hy guard-screens W, 
and Wa. 

The high-tension switches of the lever type built by Siemens 
& Halske, Kolben, Kummer and others exhibited similar 
principles of construction. The attempt was also made to 
accelerate the breaking of the arc by the use of magnetic spark- 
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extinguishers (blow-out coile). It was, however, juat the qnick- 
break itself, for the attainment of which all possible means were 
being tried, which very soon Bhowed its disadvantages, for, in 
consequence of the instantaneous interruption of high currents 
at relatively high pressures, excessive and dangerous rises 
in voltage (resonance effects) occurred, caused partly by the 
capacity of the cables or leads and partly by the high self-induc- 
tion of the machines and transformers. These effects led to the 
destruction of the cables and thus caused frequent breakdowns. 
On this account the lever-switch type wae abandoned tor the main 




(twitches of high-pressure installations and the horn-switches were 
then adopted. 

Nevertheless lever-switches (knife-switches) of the simplest con- 
struction are still quite universally used at the present day in high- 
tension installations as "isolatingswitches," whichare only opened 
when the main switch is open, their object being to render it 
possible to isolate certain portions of the circuit and thus enable 
alterations or repairs to be made on the bus-bars, generator leads, 
cables or feeders whilst these have no voltage on them , or at least 
no current passing through them. Fig. 42 shows a bus bar 
isolating switch built by the firm Dr. Paul Meyer, A.-G.* for 
12,000 volts which is mounted on porcelain insulators and can be 
* Electrical EDgiDCcring and Eijuipment Co., Lid,, I^ndoD. 
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switched in and out by means of an insulating pole provided with 
a hook at the end. In the isolating switch with earthing device 
shown in Fig. 43 (for pressures up to 25,000 volts) the isolated 
conductor can be directly earthed. Fig. 44 shows a similar 
switch built by the A.-G. Voigt & Haeflfner. In Fig. 45 is shown 
an isolating switch (for 6,000 volts) made by the last-named firm, 
which is provided with an insulating handle. Direct contact with 
the current-carrying parts of the isolating switch must naturally 
always be avoided, since the latter, though not operated when 
current is flowing, is nevertheless generally under voltage. 

The diagram of connections in Fig. 46 shows the arrangement 

of the isolating switches 
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in the generator and net- 
work leads, as also in the 
bus-bars of a three-phase 
high-tension installation ; 
with this arrangement the 
fuses S on the network 
side can be inserted with 
the leads dead, whilst at 
the same time it is pos- 
sible through the agency 
of the isolating switches 
Ts T4 to conduct any neces- 
sary operations on the 
bus-bars without entirely disturbing the running of the plant, 
since a part at least of the network may remain connected up to 
the generators. 

At this point a few remarks may be introduced with reference 
to the porcelain insulators for high-tension apparatus.* It is 
only permissible to use articles constructed of hard porcelain, 
which has been manufactured from the best raw materials 
(kaolin, felspar and quartz) by careful mixing and pressing 
and by fusion at the correct temperature (1,500 to 1,700° C.) 
followed by careful glazing with a glaze free from metallic 
constituents. The specific gravity of the fully burnt hard 

♦ Cf . R. M. Friesc, " Das Porzellan als Isolier, u Konstr.-Material " ; Porzellan- 
fabrik Hermsdorf — Klosterlausnitz, S.-A., 190i. 
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porcelain is generally about 2*3 to 2*4 ; this is not hygroscopic, 
at all, whilst the common " soft porcelain '' (burnt at 
800 to 1,000° C.) possesses quite a noticeable power of absorbing 
moisture, in consequence of which fact it is easy to test the 
quality of porcelain by the application of coloured water on the 
fractured surface. The linear contraction from the " green 
state " to the " fully burnt " condition generally amounts to 
about 14 to 18 per cent., according to the mixture and the 
method of manufacture (turning, casting, stamping or pressing). 
The compressive strength of hard porcelain is very high, 
amounting in the case of good material to about 64,000 to 
71,200 lbs. per sq. in. (granite 11,400 to 28,400, basalt 14,200 to 
37,000 lbs. per sq. in. ; cf. Hiitte, vol. I.) ; the tensile strength is 
something between about 17,000 and 28,400 lbs. per sq. in., and 
the bending strength between about 5,700 and 8,500 lbs. per 
sq. in. The hardness of the unglazed porcelain measured 
according to the Mobs scale of hardness is about 7 (quartz), that 
of the glaze about 8 (topaz), which explains the great resisting 
powers offered by porcelain to the action of wind and weather. 

The dielectric strength (piercing voltage) in kilovolts per inch 
thickness decreases slowly as the thickness is increased ; the 
following mean values may be taken : — 

Table XVI. 



Thickness in mils. 



40 

80 (about /i") 



120 ( 
160 ( 
200 ( 
240 ( 
280 ( 
320 ( 
360 ( 
400 ( 
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ii") 
U") 

iV) 
W) 
M") 



AltematiiiR Current Pressure 
(Maximum Values). 



18—19 kilovolts. 
35—36 



49—51 
64—66 
75—77 
86—91 
97—107 
about 112 
122 
132 



9} 



99 

99 
i9 



The testing voltage is generally made double as great as the 
working voltage, and often in the case of small insulators still 
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higher ; the testing voltage should act on the insulator for not 
less than half an hour and the testing transformer should not 
be too small (5 to 10 kilowatts). 
In the design of high-tension insiilatore for switch apparatus 



particular attention must be given to the attainment of ample 
surface insulation and to ensuring against the possibility of 
edge discharges ; this has led to the use of multiple bell-shaped 
and grooved insulators such as those 
shown in Figs. 47 and 48, In the case 
of two-part insulators (Fig. 48) the two 
parts must overlap one another for a 
considerable distance in order efFeetually 
to prevent sparking over from the con- 
ductor to the frame (support). 

The fastening of the insulators on to 

the iron supports and the attachment of 

the caps to the insulator tops is best 

effected either by screwing on with the 

aid of hemp soaked in linseed oil or by 

Fm, 48. cementing with a cement made of litharge 

and glycerine. Plaster of Paris is not to 

be recommended, for it absorbs moisture even after liardening, 

so that in frosty weather the insulator is liable to burst ; sulphur 

also swells after hardening in damp air. 

(B) IIon\-HwHche». 

The first application of curved horn-shaped eonductoi-s (in 

conjunction with a blow-out magnet) for the interruption of the 
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arc was made by Elihu Thomson in his lightning arrester, the 
principle of which is shown in Fig. 49, The two horns Bi and 
Bs of brass or copperplate, separated by a small gap, are arranged 
between the two poles N and S of an electro -magnet, and the 
lead L (which might be, for instance, the overhead conductor 
of an electric tramway) is connected to Bi by a branch lead, 
whilst Ba is connected to the plate Pi of a spark-gap, the other 
plate Pa of which is in connection with earth (and thus also in 
connection with the return-rails). In place of the spark-gap 
Pi Pa a stout carbon (arc lamp carbon) may be inserted, the 
middle contact Pa being in this 
case adjustable, so that the dis- 
tance between it and Pi can 
be made greater or smaller as 
desired. The coil of the electro- 
magnet N S is connected to Ba 
(thus also to Pi) and to P2. If 
now the conductor L is struck 
by lightning then the latter has 
an induct ionless path across the 
short air gap between Bi and Ba, 
and across the second spark-gap 
Pi Pa (or through the carbon as 

the case may be) to earth, so that the oscillatory atmospheric 
discharges can pass through without doing any damage. The 
generator current follows the spark and thus short-circuits itself 
to earth ; the short-circuit current, however, produces a difference 
of potential between Pi and Pa, i.^'., between the ends of the coil, 
in consequence of which the electro-magnet becomes powerfully 
excited. (The excitation current of the magnet can be adjusted 
at will by sliding the sleeve Pa along the carbon.) If now the 
coil has been wound in the right sense (see the small sketch in 
which F denotes the direction of the field, S the direction of the 
current and B the direction of the motion, — Fleming's three- 
finger rule, left hand), then the arc between Bi and Ba will 
be driven upwards so that it becomes longer and longer 
and finally breaks, the motion being at the same time 
greatly aided by the up-draught of the hot air from the arc. 







Fig. 49. 
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Fig. 50. 



The lightning arrestor is then immediately ready for use 
again. 

Starting from this principle Siemens & Halske then 
designed their well-known horn lightning arrestor, in which 
by the use of rod-shaped conductors suitably bent, the blowing 
magnet was rendered quite unnecessary. This principle of 

construction then came into general use 
for horn-switches for high tension. The 
method of operation of the Siemens horns 
can be readily understood from Fig. 50. 
The current entering, say, at Ki and pass- 
ing after a discharge as a short-circuit arc 
from the horn-shaped wire Hi to the horn 
H2 and out at the terminal K2 exercises a 
powerful elect rodynamic action on itself , 
in consequence of which the movable part 
of the current {i.e., the arc) — which already 
has a tendency to rise by the action of the 
heated air — is drawn on its left-hand half towards the horn Hi, 
whilst the right-hand half strives to lay itself along the horn 
Ha, since crossed current-carrying conductors, as is well known, 
endeavour to set themselves parallel. The action can also be 
explained by the theory of lines of force, if we consider the 
well-known physical experiment (see 
Fig. 51), in which a link of wire 
floating in two parallel grooves 
containing quicksilver moves itself 
farther and farther away from the 
leads, since every circuit endeavours 
to enclose as many lines of force as 

possible and consequently extends itself as much as possible in 
doing so. In consequence of this electrodynamic action the arc 
rises rapidly between the two horns until it finally breaks ; with 
high currents and voltages the upwardly moving arc develops 
into a most imposing flame phenomenon, as is shown by Fig. 62, 
in which the short-circuit arc of a 60 kilowatt transformer for 
6,000 volts is shown (from Benischke). From this it is quite 
evident that the space above the horns must be made amply 




Fig. 51. 
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large enough and must be kept entirely free from conduetorB 
(iron-girders on the ceiling). The arc illustrated in Fig. 52 
attains a height of about 3 ft. above the horns. 



Fig. 58 shows a modern form of lightning arrester built on 
the horn principle by the firm Dr. Paul Meyer, A.-G.* 
It is evident, however, from the method of operation of the 

* Electrical EDgineering and Equipmeut Co., Ltd., London. 
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Siemens horns that certainty of action is only attainable when 
the energy of the arc (volts X amperes X time) is large ; in any 
case the voltage must amount to at least several hundred volts. 
It will also be readily understood that an alternating current 
arc will be extinguished at the moment when the electro- 
dynamical effect is greatest, i.e., when the current is passing 
through its maximum value (for example, with a sine curve). 
Consequently it will be clear that the horn-switch, breaking circuit 
as it does at the moment when the alternating current power 
is greatest, can also cause dangerous resonance phenomena and 

rises of voltage in the case 
of long cables (possessing 
high capacity), since the self- 
induction in the machines 
and transformers is high ; 
in consequence of this insu- 
lation breakdowns on the 
cables can readily occur if 
the whole power be switched 
off suddenly or, at least, 
quickly. These considera- 
tions, together with the fact 
that very considerable space 
is required for horn-switches 
for large powers at high vol- 
tages, have greatly reduced 
their application (which was formerly almost exclusive), and 
have, in fact, even led to the removal of the horn-switches 
from many high-tension plants and their replacement by oil- 
switches. 

It is also of interest and importance to note that a continuous 
current arc produces considerably more violent effects than an 
alternating current arc of the same voltage and current strength. 
As regards the length of the arc, experiments have shown that 
this increases on the one hand in proportion to the current 
strength, but on the other hand also approximately in pro- 
portion to the square of the voltage, and thus it increases more 
rapidly than the power (current X voltage). The length of the 




Fig. 53. 



SWITCHES AND SWITCHGEAR 



49 



stationary arc between two contacts is, according to Niethammer, 
only about one-fifth to one-seventh of the breaking spark. 

Finally the voltage required to spark across various lengths 
of spark-gap (for alternating current, maximum values) in dry 
air fairly free from dust is worthy of mention; according to 
Benischke the following values can be taken as approximately 
correct : — 

Table XVII. 



S|iark-gap. 
mm. 


Pressure Required. 

Kilovolts. 

Alternating Current. 

Maximum V'alues. 


Spark-gap. 
mm. 


rreasure Required. 

KilovoltA. 

Alternating Current. 

Maximum Values. 


1 


4-4 


9 


25-9 


2 


7-7 


10 


28-2 


8 


10-6 


11 


30-5 


4 


13-3 


12 


82-6 


5 


15-8 


13 


34-7 


6 


18-4 


14 


36-8 


7 


210 


15 


88-6 


8 


23-5 


16 


40-5 



In damp air the voltages required are somewhat smaller 
(about 10 per cent.), as also in the presence of ultra-violet light 
(sunshine). In the design of high-tension apparatus the distance 
apart of the individual poles must, of course, be carefully 
calculated under consideration of the connection between 
sparking distance and voltage, a sufficiently high factor of 
safety (at least two or three) being employed to allow for the 
possibility of increase of voltage in consequence of resonance 
effects. The shape of the curve of the alternating current also 
plays an important part, particularly when the high-tension 
apparatus is to be ilesigned for a definite virtual value of the 
voltage (i.^., for the value measured with the voltmeter) ; peaked 
curves require in this case greater care than flat curves. 

The different designs of horn-switches distinguish themselves 
from one another almost solely in the means by which the arc 
is brought up to the narrowest part of the horns. In all good 
types special contacts for permanent switching-in are provided 
under the horns ; on switching-out, the horns are in the first 

s. B 
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place connected in parallel with these pennanent contacts, and 
then the principal contacts are opened, bo that the current for 
a short time passes through the 
horns only, these latter being then 
drawn apart as the motion pro- 
ceeds and thus causing the are to 
strike at the narrowest part, run 
up the horns in the manner already 
■'^ *■''"' explained, break and become ex- 

^^ tinguished. 

i|t ^, Fig. 54 shows diagrammatically 

thearrangement of the horn-switch 
of Sprecher & Schuh (Aarau, Swit- 
zerland), in which the two horns Hi and Hi are mounted in a 
stationary position on insulators. The permanent contact is 
formed immediately beneath the horns by means of a copper 




rod K and a split tube A, the copper rod being provided at the 
right-hand end with a replaceable burning contact and mounted 
BO as to permit of horizontal motion in a bearing F, which is 
carried on an insulator. The motion is transmitted from the 
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pull-rod Z (wood) to4be shaft W and through the insulator J to 
the connecting rod v and the copper rod K. With 12,000 volts 
the distance between the ends oE the horns is about 900 mm. 
and the whole height of the switch about 800 mm. 

Fixed horns are also used in the horn-switches of the A.-G. 
Voigt & HaefTner. One of the smaller types is shown in 
Figs. 55 and 56 ; this is built for voltages up to 6,000 volts or, 
by suitable modification of the dimensions of the parts, up to 
12,000 volts The individual poles are enclosed on all sides by 



Fio. 57. Fig. 58. 

fire-proof cases. When the hand-lever is turned round from 
the lower position to the upper one, the switch-lever is turned 
from the contacts on the left-hand side to those on the right- 
hand side, contact being thus established. When the hand- 
lever is moved in the opposite direction the switch-lever draws 
the arc between the horns so that it can ascend freely up Ihe 
horns. The transmission of the motion from the hand-lever to 
the ewiteb-lever is very appropriate, for it takes place in a 
similar manner to the motion of the piston of a steam engine 

E 2 
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under the action of the connecting rod — first slowly, then, in the 
middle of tlie stroke, quickly, and at the end quite slowly again 
— BO that jerks and blows and consequent breakages of the 
porcelain parts are entirely avoided. 

Two other types made by the same firm, the operation of 
which will at once be clear, are illustrated in Figs. 57 (up to 
6,000 volts) and 58 (up to 25,000 volts). The partitions, which 
are clearly observable in the 
illustrations, are made of 
insulating material in order 
to avoid short - circuiting 
across the supports and the 
angle-iron frame. 

In Fig. 59 is shown a 
three-pole mast-switch (for 
use up to 6,000 or 12,000 
volts respectively) built by 
the same firm, which exhibits 
clearly the simple operating 
mechanism (rings and draw- 
rods with hooks). The outer 
fixed insulators can be used 
at the same time as strain- 
taking insulators. 

Fig. 60 depicts finally a 
type of three - pole mast 
switch (for 12,000 volts) 
built by the firm Dr. Paul 
Meyer, A.-G.* 

In all high-tension switch- 
l''iG- so. gear the iron frames and all 

other metal parts which do not carry current should be care- 
fully earthed, so that even when thereare fauUs in the switch its 
service is possible without danger. 

The horn-switch designed by G. J. Erlacher for the " Society 

Industrielle des Telephones" in Paris is constructed on the 

principle indicated in Fig. 61 ; one of the two horns, aiy Ha. 

* Electrical Engineering and Equipment Co., Ltd., London. 
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is fixed and is made donble, whtlsl) the otber, Hi, can be p 
in horizon tially. The borriB are connected to the main contacts. 
On opening circuit Ki and Kj are separated first, and then only 
does Hi come out of Hj, bo that the arc can only occur between 



a three-pole mast-switch of this type is 
shows a three-pole switch for mounting 



Hi and Ha. In Fig. i 
illustrated, whilst Fig. 
on a awitebboard. 

'ITie E.-A.-G. vorm. Scbuckert & Co. has solved the probli 
an original and very neat manner. As is seen 
from the sketch. Fig. 64, the two horns Hi and 
Hi, which again consist of two wires each, are 
directly connected to the main contacts Ki, K^; 
these latter are connected by a bridge B, which 
can be raised and lowered. When the snitch 
is in, a copper wire loop liib h^, fastened to the 
bridge B, rests between the horns Hi, Ha. On 
switching out Ki and Ki are separated first, but the current 
still has a path through Hi/ii/i hUa. Then, however, as ihe 
bridge B and the loop bih b^ sink, there arise between Hi and In, 
as also between Ha and /»a. two small arcs, which become longer 
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and longer and finally unite themselves and become extinguished 
in the usual way by the action ot the horns H[, Ha. In Fig. 65 
a three-pole switch of this type is shown in the open position. 
The counterweight balances the weight of the movable switch 
parts. Over the three pairs of horns three protecting cases of 



fire-proof material (asbestos cement) are pushed, whicli are only 
open at the bottom and which entirely enclose the arc. 

(C) Oil-Switches. 

For small powers and voltages which are not excessively high 
oil-switches may be constructed similarly to ordinary lever- 
switches, all current-carrying parts being mounted on the cover 
of an oil tank (generally of cast iron) and then immersed in the 
oil. Only the conducting leads, which are carefully insulated 
by means of porcelain insulators, project outside the cover, and 
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the terminal BcrewB are generally covered up with protecting 
caps of impregnated paper pulp. If the voltages and current 



strengths are not too high, one common oil tank nvith insulating 

partitions can be used for all poles (phases). For higher 

voltages, however, it is advisable to provide 

0. special oil vessel For each pole, and it is 

further advantageous, instead of breaking 

the circuit at one point only, to employ 

several breaks, by which means (as already 

mentioned above) the field of application of 

the switch is greatly increased. 

Although only a very much smaller arc 
is formed under oil than in the open air, 
still it is necessary in the construction of 
these switches to ensure, by the provision of suitably arranged 
anti-arcing devices, that the main contacts shall not be injured 
by burning. 




Fio. 64. 
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The attempt has also been made to combine with the oil 
switch devices for setting the oil in violent motion at the 
moment of switching out and thus accelerating the extinguishing 
of the arc ; however, this has proved in most cases to be 
unnecessary so long as the design of the switch is such as to 



give a sufficiently rapid switching-out motion, since in this way 
the same end is obtained satisfactorily enough by the movement 
of the contacts in the oil. 

For very high voltages the best thing has proved to be the 
principle of the tube-swilch, in which the one contact ia made 
in the form of a tube with & springy split end, whilst the other 
takes the shape of a thorn fitting truly and tightly into the 
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former. If now the thorn be rapidly withdrawn from the tube, 
a vacuum is formed into which the oil pours with great violence 
and thus immediately smothers the arc. In America the best 
results have been obtained in practice with oil-switches of this 
type even for voltages up to 80,000 volts and more. 

It is also of importance that the oil vessel should not be too 
shallow, for in practical working mud is formed by the action 
of the breaking arc on the oil, and this collects at the bottom 
of the tank. Emptying cocks (or at least emptying screws) 
must therefore be provided on the lower edge of the oil tank in 
order that the mud may be run off before refilling with fresh oil. 
Particular attention must be directed to the leading-in holes 
in the cover in order to avoid the possibility of arcing over 
from pole to pole or to the case. The figures in Table XVII. 
for the sparking distances with various voltages must be taken 
into account. The use of ebonite is to be avoided, since it 
softens rapidly in oil ; in fact, here again porcelain has proved 
the best. 

The length of break (distance of two contacts of the same pole 
when the switch is in the open position) in oil can be taken as 
about one-fifth to one-tenth of the value for a break in air. The 
frame and tank must be carefully earthed. 

The choice of the oil is, of course, of particular importance. 
Mineral oils (which, however, must be entirely free from acids and 
alkalies) are generally used. ParaflSn oil (specific gravity about 
'865), vaseline oil, or resin oil are most frequently employed. 
Ordinary machine oil is not greatly to be recommended. In 
any event all oils must be subjected before use to a most rigorous 
test as regards their piercing voltage and their chemical properties 
and none but the best quality obtainable must be considered for 
a moment. Moreover, it will be readily recognised that the 
finest material will also prove the cheapest when one bears in 
mind the immense expenses which are involved by the occurrence 
of breakdowns on the switchgear in high-tension stations, where 
the shutting-down of the plant for a few hours comes more 
expensive than the cost of the oil for the whole plant for a year. 
Excessive economy is less advisable in this direction than in 
any other whatsoever. 
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The oil used shoald possess a high insulation resistance and, 
in order that it may choke the arc rapidly and at the same time 
prevent the deposition of sticky masses, it should not be too 
viscous. The arc should not cause the separation from the oil 
of more than very small quantities of carbon, as otherwise the 
insulation would very rapidly be impaired. Furthermore the 
heating of the oil due to the current flowing through the switch 
(or transformer) should not increase the viscosity of the oil; 
the ignition point of the oil should where possible be above 
200° C. and its evaporation should be very small ; finally, the oil 
should be sufficiently transparent, so that one can see into the 

interior of the oil vessel without 
emptying it (cf. J. H. Bolam in the 
FAcctrician, 8. VIII. 06). 

As regards the connection between 
the spark-gap x mm. in oil and the 
piercing voltage E kilovolts, the 
experiments conducted by J. H. 
Bolam have shown that for mineral 
oil of medium quality (ignition 
point about 220° C.) the curve 
connecting E and x for values above 10 kilovolts up to 80 kilo- 
volts and probably more is nearly a straight line and can 
be approximately expressed by the following equation (cf. 
Fig. 66) :— 

£ = ax + i = 8.4;r — 5.8 (for E > 10 kilovolts 

and < 30 to about 40 kilovolts) .... (36) 
where E is the efi'ective (virtual) value of the alternating 
current pressure in kilovolts measured between two balls of 
about 12 mm. diameter. If E^^ be the maximum value of the 
alternating pressure, then we have for sine curves 
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E = E V 2 



(37) 



therefore 

E,,a^ = a \/^ X + 6 \/'2 = -- 12 a: - 8 . 2 . . (38) 

( A',„„j. must be expressed in kilovolts, x in millimetres). 

The following approximate values (at about 20° C.) are thus 
obtained : — 
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Table XVIII. 



Spark-gap. I Piercing Voltage. 



X = 1*5 mm. E„uu = 9'8 kilovoltfl. 



2 

2-5 
8 

8-5 
4 



15-8 
21-8 
27-8 
83-8 
89-8 



99 



If these values be compared with those for the piercing voltage 
in air (Table XVII.) then we obtain the following conversion 
factors : — 

X = 2 mm. . V = E (oil) ^ E (air) = 2*05 

Oyy. . . . • . • A'UJU 

^|«. . . . • * .^ vt/ 

These values lie on a curve of a hyperbolic character ; the 
equation 

V = r. - (x in mm.) (89) 

corresponds to it with a sufficient degree of accuracy and yields 
the following values : — 

Table XIX. 



Spark-gap. 


1 

K Oil. 


*..«rforAir. 

f9KUC 1 

(Table XVII.) 


^ejf ^^^ ***^' 


K,, for Oil. 


xirnn. 


/■; Air. 

1 


KilOVOltH. 

4-4 


Kilovolta. 

311 


Kllovoltii. 


1 


1-2 


8-78 


2 


2-0 


7-7 


5-44 


10-88 


8 


2-57 


10-6 


7-50 


19-3 


4 


1 80 


13-8 


9-40 


28-2 


5 


3-38 


15-8 


1117 


87-2 


6 


8-6 


18-4 


1300 


46-8 


7 


8-82 


210 


14-85 


56-7 


8 


4-0 


23-5 


16-6 


66-4 


9 


415 


25-9 


18-3 


75-8 


10 


4-29 


28-2 


19-9 


85-4 


11 


1 4-4 


80-5 


21-5 


94-5 


12 


4-5 


82-6 


231 


104 

1 



(Spark-gap between balls of 12 mm. diameter.) 
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The values in the preceding table, which are shown in Fig. 67. 
can, of course, only be regarded as approximate mean values 
and are without a doubt subject to deviations of perhaps 
20 per cent, or more according to the quality of the oil ; the 
higher values in particular can only be applied with great care. 
The form of the electrodes also plays an important part, points 

and edges in particular being 
unfavourable. The tempera- 
ture exerts an equally impor- 
tant influence; in warm oil 
(50°— 60° C.) the piercing 
voltage is generally higher. 
In any case one can, however, 
at least estimate from the table 
the order of magnitude of the 
spark-gaps and voltages and 
thus calculate (for a certain 
factor of safety against spark- 
ing over in oil, for instance, 
for a factor of safety of 4 
or 6) the distances of the 
current - carrying parts from 
one another. Systematic ex- 
periments in this direction 
would be of great practica 
value. 
As concerns the constructional design of oil-switches, some 
hints may be derived from the following sketches and remarks. 

The oil-switch shown in Fig. 68 (from Klingenberg) of the 
A.E.-G. (Berlin) for 6,000 volts and 60 amps, has two breaks 
in each of the three phases ; the movable contacts are made 
in the form of cylindrical pots t, which, when the switch is opened, 
are raised up from the fixed contacts K and then wipe over the anti- 
arcing contacts (burning contacts). The contact cylinders are 
provided in their upper part with window-like openings, through 
which the oil can stream out during the first part of the stroke ; as 
soon, however, as the final break at the anti-arcing contacts begins, 
the windows close themselves and the oil is driven downwards with 
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considerable force and great velocity, so that it streaniB violently 

past the anti-arcing contacts and immediately extinguishes the arc. 
In the oil-switches of the General Electric Co. (Fig. 69) each 

idiase is similarly provided with 

two breaking points; the motion 

takes place in a straight line, the 

direction of motion corresjMnding 

to the opening of the switch being 

downwards. For each phase a 

metallic bridge B is provided, 

which is fastened to a rod H of 

impregnated wood and has two 

pyramidal ends springing into two 

sets of four contact springs F ; the 

motion is transmitted from the 

switch-lever by means of a system 

of angle - levers. Similar oil- 
switches are also built by Brown, 

Boveri & Co., the number of 

breaking points per phase for high 

voltages being increased to six and 
even more. At the same time Brown, 
Boveri & Co. employ horizontal plates 
(of marble, asbestos cement, porcelain 
or the like) to increase the motion of 
the oil, these plates being arranged 
underneath the movable contacts and 
in direct mechanical connection with 
them, 80 that they must move with 
the contacts. These plates extend 
comparatively close up to the wall of 
the oil vessel, so that a powerful 
p . streaming motion of the oil is caused 

by the movement of the switch. Each 

phase is generally placed in a separate oil vessel. 
In another type of oil-switch made by Brown, Boveri & Co. 

(Fig. 70) brushes B are used, which press up against flat contact 

surfaces K ; the latter are easily renewable and serve at the same 
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time in conjunction with the auxiliary brushes b as anti-arcing 
contacts. In this type of switch also a violent motion of the oil 
is caused by means of baffle-plates P below the brushes. The 
switch is actuated by means of a shaft and a crank x with a 
push-rod 8 ; the shaft is turned by a double handle which can be 
rotated through 180 deg., but it can, of course, also be actuated by 
bevel-wheels or a chain-drive (rope-drive). A rapid break is 
ensured by the use of powerful springs, which are in tension 
when the switch is in, so that the switch approximates to the 
quick-break type ; buffer springs are further provided to act as 



Fig. 70. 

cushions and take up the impact of the blow caused by switching- 
out, so that the porcelain parts cannot become injured by 
violent jarring. For this latter purpose strong india-rubber 
buffers are frequently used, but in this case care must be 
taken not to place the buffers under the oil, since rubber is 
soluble in oil. 

In Fig. 71 is shown a three-pole high tension oil- switch built by 
the firm Dr. Paul Meyer, A.-G.,* and characterised by the fact that 
the insulators and terminals are arranged in two parallel rows. 
This arrangement is a particularly favourable one, inasmuch as 
it renders it possible to maintain always without difficulty the 
necessary minimum distances between the contacts, even when 

* The Electrical Engineering Equipment Co., Ltd., London. 
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all the releaaa-magnets, etc., are built up on the apparatus. The 
Bwitch shown (Fig. 71) has two overload release-magnets built 
on to it which effect the tripping by the aid of a cam-mechanism. 
Under the boxes seen on the right-hand side of the illustration, 
air-damping bellows are arranged, which cause a retardation of 
the release. A so-called " dependent time-release " is thus obtained 



— that is to say, the time of release decreases rapidly with increase 
of currant, so that with very heavy overloads, the release occurs 
almost instantaneously. The three small coils in front constitute 
the three-phase no-volt release, and effect the opening of the 
switch when the voltage in any one phase entirely disappears, 
or when the voltage sinks simultaneously in all three phases by 
about 40 per cent. 
OU-switche8havingarotatorymotion{angle or rotation = 60deg.) 
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are macie by the A.-G. Voigt & Haeffner for mounting direct 
on the Bwitchboard and controlling by a hand -lever, or for 
mounting above or below the switchboard iu order to be actuated 
by means of rods. The oil container consists of a metal case 
which can be easily removed from below. In the smallest types 
the terminals are mounted on a marble plate, but in all the larger 
types the leads are brought through porcelain tubes in the cast 
cover and are connected to the switch contacts under oil. 

For voltages up to 6,000 volts two breaks are provided for each 
pole; up to 12,000 and 16,000 volts four breaks are used. In 
either case, however, all the 
poles are placed in the same 
oil vessel. For 25,000 volts a 
special switch with a six-fold 
break is employed for each pole 
and for 40,000 volts each pole 
has its own switch with a ten- 
fold break. In Fig. 72 a three- 
pole switch for 3,000 volts and 
40 amps, is depicted ; the illus- 
tration shows the oil-switch in 
the open position, as seen from 
the back of the switchboard, 
rio- "ii- upon which it is directly 

mounted. Fig. 73 shows a 
three-pole switch for 40 amps, and 40,000 volts actuated by 
means of rods and a revolving double handle. A pointer is 
afEsed to the latter which enables one to see whether the switch 
is open or closed (0 or '). The use of indicators of this kind to 
show the position of the switch is of great importance, par- 
ticularly in cases where the position of the switch cannot be 
ascertained from the position of the hand-lever (up or down). 

Oil-switches for pressures up to 12,000 volts with a vertical 
motion and a double break per pole are also made by the A.-G. 
Voigt & Haeffner. They are operated by means of a hand-lever 
with a half crank motion (stroke =180 deg., " in" — iwisition above, 
"out" — position below). Fig. 74 shows a switch of this kind 
arranged for mounting directly on the switchboard (6,000 volts, 
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130 amps.). Some frequently used types of rod-lever 
operating meclianisms can be seen in Figs. 75, 76 and 77. The 
oil-Bwitches themselves, as also the fulcrums of the rod- 
mechanism, are fastened to strong angle irons forming paib 
of the switchboard frame. The dimensions //, Jl/, A' differ, of 




Pio. 73. 

course, according to the case under consideration. Numerous 
other arrangements of the operating mechanism (for instance, 
Fig. 77a for operation by means of a h:vnd-wheel) are also 
employed; nevertheless it is always advisable in tlie difTersnt 
types of mechanism to make use of the same constructional 
elements (such as, for example, bell-crank levers, double levers, 
bearings etc.) and to adapt these to the special conditions solely 
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by suitable arrangement ol the connecting levers (generally 
constructed of wood, ae already mentioned). 
For inBtallations (where, for instance, motors or transformers 




are used) in mines and other industrial fields of application where 
the conditions are exacting, so-called "installation" oil-switches 
are frequently used, although only for pressures up to about 
6,000 to 10,000 volts. It is not considered desirable to take 
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higher pressurea than thia right up to the point where current 
is coneamed, and therefore very high presaures are generally 





Fig. 78. 
reduced in sub-stations to the above 
values, which in any case are already 
quite high enough. For the pro- 
tecting eases and the oil tanks of 
theae "installation" oil-snitches, 
which are often exposed to the in- 
fluence of damp and very frequently ^^°- ' '**■ 
must also be proof against the action of gases and vapours (as is 
the case in mines, chemical factories, installations situated near 
the sea, etc.), the use of cast iron (on account of the casting skin !) 
painted with hot asphalte varniah ia greatly to be recommended ; 

F 2 
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vessels of sheet iron would in such cases be very rapidly destroyed 
by the formation of rust. In Fi^. 78 an oil-switch of this sort 
for 1,000 volts and 40 amps., built by the A.-G. Voigt & Haeffner, 
is depicted. In switches for higher powers a hand lever of 

increased size is employed in place of 
the T-handle (for rotatory motion). 

Frequently fuses and measuring 
instruments are combined with the oil- 
switch to form one apparatus ; in this 
way we arrive at the so-called high- 
tension motor or transformer switch- 
boxes, in which, in most cases, suitable 
interlocking devices are provided, so 
that the fuses can only be replaced 
when the switch is open, i.e., when 
there is no danger. In Fig. 78a a high- 
tension switchbox of this kind, built by 
the firm of Voigt & Haeflfner, A.-G., is 
shown. 

As has been already mentioned, the 
construction of a switch as a tube- 
switch, with the breaking contacts 
under oil, has proved the best for the 
J highest pressures used. Fig. 79 shows 
in principle the construction used by 
the General Electric Go. (Niethanmier*s 
design). Each pole is placed in a 
walled-in chamber, which is covered up 
at the sides by means of protecting plates ; the current is led 
in from below through large porcelain tubes P, there being 
two terminals provided for each pole. These terminals are 
in direct connection with the tubular oil vessels A furnished 
underneath with other porcelain tubes p which serve as a 
guide for a contact rod c. Besides this the oil containers 
have at their upper outer edges conical contact surfaces E, 
which, when the switch is shut, are enclosed by the principal 
contacts a supported by the bridge B. In the bottom of the 
oil-containers a hole b is provided for the contact rod c. The 




Fig. 79. 
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distances of the individaal parts from one another and their 
dimensions are so calculated that the principal contacts a 
have already covered a distance of about f in. to 1| in. before 
the contact rods c leave the holes b in the bottom ; the principal 
contacts a are thus first raised entirely and without sparking 
from the contact surfaces E before the rods c are drawn out 
of the holes b, whilst at the same time a quick switching-out 
motion is ensured by the action of a stretched spring. A 
magnetic friction coupling inserted in the transmission mechanism 
renders the speed of the quick-break entirely independent of 
the speed of operation of the actuating mechanism of the switch. 
In ordinary cases the switch is operated by an electro-motor, 
which has to displace a crank by 180 deg., so that the motion 
may then be transmitted from this to the movable parts of 
the switch. When the switch is in the open position the 
bridge B is not under voltage. Particular attention is paid to 
the insulation of the oil container, and all parts of the body of 
the apparatus within reach are connected to earth. 

The tube oil -switches of the Westinghouse Co. are constructed 
in a precisely similar manner, except that a powerful pulling 
electro-magnet is employed in place of the electro-motor. 



In the design of oil-switches care must always be taken that 
the contacts which belong to different phases are arranged side 
by side, and not above one another, as otherwise, even under oil, 
the arc might strike upwards from one phase to another. 
Cylinder switches (of the controller type) should therefore only 
be built with rings and hammers (fingers) arranged side hy 
side in oil. 

The following may be considered as the principal advantages 
of oil-switches for high tension (according to Hewlet) : — 

(1) The arc is considerably smaller in oil than in air. 

(2) With alternating current (for which the oil-switches are, 
as a matter of fact, most used) the oil-switch breaks the circuit 
approximately at the instant when the current curve passes 
through the zero value, in contradistinction to the horn-switch 
which breaks at the maximum point. In consequence of this 
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it is hardly necessary to take account of the justly feared 
resonance phenomena (rises of voltage) in long leads and 
cables. 

(3) The great insulation strength of the oil renders it possible 
to make the distances between the poles of the switch and the 
lengths of break smaller than in any other types. 

(4) With oil-switches the highest voltages and powers hitherto 
used can be controlled without diflSculty. 

(5) The design is compact, and at the same time fulfils all 
requirements of modern constructional principles, both in 
electrical and mechanical respects. 

(6) Oil-switches can be conveniently arranged for automatic 
release and distant control (if desired, with time release). (On 
this point further details are given in the chapter on automatic 
switches.) 

(7) When the individual phases are divided, the occurrence of 
short circuits by arcing over in the switch is quite inconceivable, 
and even when the phases are placed together in one common 
case the switchboard attendant is not directly affected or frightened 
by such eventualities. 

(8) The whole switch plant can always be arranged in the 
manner most suited to the particular purpose under considera- 
tion, since the oil-switches can be placed in any position (above, 
below, or even in other rooms) without any further difficulty, 
whereas the horn-switches, for example, always require a large 
open space above them. 

(9) The individual phases can 'always be completely insulated 
from one another without a specially large amount of space being 
necessary for this purpose. 

(10) Oil-switches can also be used underground, in the open 
air (lightly covered, if necessary), and, indeed, in places not 
entirely fire-proof — even perhaps in places where there is direct 
danger of fire. They can certainly quite safely be employed 
even in this last case if in the arrangement of the leads the 
requisite attention is paid to the conditions, so that it is not 
possible for a fire to be caused by arcing between the conductors 
outside of the switch. 
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CHAPTER VI 

FUSES 

The object of fuses is to protect the conductors against 
excessive heating in consequence of too high currents. The 
fuses consist of wires or metallic strips connected in the circuit, 
which melt at a given predetermined current (fusing current (?«) 
in consequence of the Joule's heat developed, and thus break the 
circuit which is to be protected. The dimensions of the fuse are 
dependent (1) upon the strength of current, which determines 
principally the cross-section (of the fuse-wire or strip), (2) upon 
the voltage, which governs the length of the fuse, and (3) upon the 
material of the fuse and the method of mounting (openly or 
enclosed in cartridges) ; besides this, the dimensions are essen- 
tially dependent upon the length of time during which the current 
concerned acts upon the fuse. It is hardly possible to fix all 
these quantities ahsolutely by formulsB, and one can only estimate 
by the aid of experimental results data for normal conditions, 
which can then be used to form more or less exact formulae for 
calculation purposes. 

The great difficulty of developing a theoretically complete 
mathematical method for the calculation of fuses can best be 
appreciated from a consideration of the physical phenomena which 
lead to the melting of a fuse. The current C„ flowing through a fuse 
of resistance r causes a watt loss of C^ r, which is equivalent to a 
definite quantity of heat Q gramme-calories per second and 
which acts during a definite time ; this quantity of heat Q now 
serves to raise the temperature of the fuse, in consequence of 
which, however, a partial loss of heat by radiation and conduction 
at once occurs, so that the whole quantity of heat Q is not 
devoted to raising the temperature. If Q be sufficiently great 
then the temperature increases more and more, in consequence 
of which, however, the conductivity of the material decreases. 



72 SWITCHES AND SWITCHGEAR 

TVhen finally the temperature of fusion is reached, then the 
necessary quantity of heat to effect the change from the solid to 
the liquid state (latent heat of fusion) must still be available, in 
order that the melting of the fuse should take place. For a 
theoretically complete calculation it would therefore be necessary 
to take into account the specific conductivity of the material and 
its temperature coefficient, the specific heat, latent heat of fusion 
and specific gravity of the material, the radiation constant and 
the method of mounting the fuses (openly in the air or enclosed 
in porcelain, cartridges, or tubes, possibly even in oil), further 
also the position (horizontal or vertical), and finally the length 
of time during which the current acts. 

For practical purposes, however, it is sufficient to assume 
under consideration of experimental results that the melting of 
the fuse will occur when the temperature no longer rises, i.e., 
when the quantity of heat developed is equal to the quantity of 
heat dissipated by radiation and conduction. We arrive thus 
at the following equation, which is practically identical with 
equation (7) : — 

•24 Q" = ^' ^*' - *'^ " P . . . (40) 

in which 

Ca = the fusing current (amperes). 

h = the radiation constant, which is dependent upon the 

nature of the surfaces and upon the method of 

mounting. 
tg = the temperature of fusion of the metal concerned (in 

degrees Centigrade), 
fi = the temperature of the surroundings (initial temperature), 

generally about 20° C. 
p = the specific resistance (per inch cube) at the temperature 

of fusion t^. 
a sq. in. = the cross-section, and 
p in. = the periphery of the sectional area of the fuse. 
In the vast majority of cases wires of circular cross-section 
are used for the low currents and metallic strips of rectangular 
. section for the higher currents. 

^s cfin readily be seen from equation (40), the dim^nsiopp 
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of the cross-section of the fuse — other conditions being equal — 
are smaller for a given fusing current, the less the specific 
resistance p and the higher the temperature of fusion t, is. 
These considerations led to the result that, besides the materials 
which had hitherto been exclusively employed, viz., lead, tin, 
lead- tin alloys, lead-tin -bismuth alloys, etc., in many cases 
silver, copper (silvered) and also aluminium became adopted (at 
least for small currents and sometimes even for currents up to 200 
to 300 amps.). Silver and copper have in fact proved very satis- 
factory, whilst aluminium becomes brittle when strongly heated 
and is therefore not entirely to be recommended. The high 
temperature of fusion of silver and copper causes, however, a 
somewhat considerable heating of the fuse-clips (contact blocks), 
which may prove a very unpleasant circumstance in the case 
of the higher currents. Pure lead is frequently used, but it has 
the disadvantage that its surface oxydises rather quickly and 
deeply, so that cases have even been observed in which the lead 
in the interior of the skin or coat of oxide became liquid 
without the fuse breaking the circuit. When tin or tin-lead 
alloys are used however, the surface remains almost entirely 
bright and is hardly attacked by the air. In consequence of this 
such alloys have come very much into vogue. 

According to the " Sicherheitsvorschriften fiir elektrische Stark- 
stromanlagen '' of the " Verband deutscher Elektrotechniker," 
section 12, the fusing current Ca is to be taken as double the 
normal current C for the cross-section of conductor concerned, i.e., 

Ca = 2C (41) 

In the case of fuses of soft plastic metals (lead, lead-alloys, 
silver, copper), such metal must not be employed to act 
directly as a contact, but the fuse wires or strips must be 
soldered into amply dimensioned contact pieces (shoes) of copper 
or brass or the like. 

The fuses must furthermore be constructed in such a way that, 
even when a permanent short-circuit occurs, no permanent arc 
can arise behind the fuse, that is to say, the length of the fuse 
strip must be made sufficiently great. 

With multi-pole fuses the possibility of arcing over from pole 
to pole mu^t naturally also be avoided, that i^ to say, a sufficient 
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distance from pole to pole must be maintained, and if necessary 
fire-proof insulating partitions must be put in. It will be 
recognised at once that in this respect copper and silver fuses 
promise better results than lead fuses, since smaller quantities of 
metal are vaporised for a given current strength. The metallic 
vapours and the fluid metallic particles which spurt about may 
cause most unpleasant consequences and result in dangerous 
short-circuits, on account of which fact open fuses are never 
used for pressures above 250 volts, the fuses for higher voltages 
being enclosed in tubes or cartridges of glass, porcelain, paper 
pulp or the like. These latter, however, should have suitable 
openings for the escape of the metallic vapours in order to avoid 
violent explosions. Sometimes the attempt is also made to 
smother the arc within the cartridge itself by filling the cartridge 
with sand, asbestos flour, powdered quartz or the like, or by 
placing the fuse in oil (oil fuses), the latter course being specially 
advisable in the case of high-tension fuses. For very high 
voltages however (over 15,000 volts) the construction of a satis- 
factorily working fuse presents almost insuperable difficulties 
if the fuse is to be sufficiently sensitive and at the same time is 
not to melt with every transitory current impulse, which does not 
endanger the conductor. On this account automatic cut-outs 
(overload circuit-breakers), sometimes in combination with time- 
relays, are always employed in such cases, and indeed these are 
often used with advantage even for low voltages (cf. Chapter VIII. 
on Automatic Cut-Outs). 

According to equation (40) the fusing current C^ appears as 
if it were independent of the length I inches of the fuse wire 
or strip ; this, however, is not in reality the case, since the 
cooling influence of the terminals plays an important part. 
Besides this the voltage, as has already been mentioned, exerts 
particular influence on the length Z, since it is necessary to 
obviate the possibility of the arc continuing. According to 
experiments made by Herzog and Feldmann ("Elektr. Leitungs- 
netze "; cf. also Erlacher, " Elektr. Apparate,*' pp. 58 ct seq.), the 
influence of the length I can be well expressed by the following 
formula (for round wires) : — 

C/ \n=:kd^ . . {k = a constant) . (42) 
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On the other hand we obtain from equation (40) for round 
wires with a = cP j and p = dir : — 

Ca' = ^^(t.-t{)^d'''^=hcP . . (43) 

From the experiments of Herzog and Feldmann it can be 
recognised that from a certain length I onwards a further 
increase of the fuse length had hardly any influence on the 
fusing current Ca ; this length was : — 

for d = 2S mm., abt. 2 = 2 to 2^ ins. (abt. 6 amps.) 
d = 81 mm. „ I = 2J to 2J ins. ( „ 8 amps.) 
d = 43 mm. „ Z = 8J to 4 J ins. ( „ 18 amps.) and 
„ d = 55 mm. „ Z = 4 to 4| ins. ( „ 18 amps.). 
If we leave out of consideration for the present the installation 
main fuses, which run up to about 20 to 25 amps., then we are 
fairly well justified in neglecting the influence of the length I, 
provided that the latter bo made at least 2 to 3 ins. (for higher 
currents more) ; we can then calculate from the simpler equa- 
tion (48) instead of from equation (42). 

From equation (42) we have, for instance : — 

and we therefore obtain for a mean length Z = 3 J ins. : — 

For Z = 2 ins. . vZ = 1-19 ] ,.«, f-137o 

a difference '? 

2i°«" 1-267 compared to "^l /° 
8 J ins.. 1-3681 4^ ^ ^ 07^ 

4 ins. . 1-414 ^^* = ^'^^^ +3-47, 

5 ins. . 1-495J ^ l+9-87^ 

We therefore see that alterations of the length of the fuse from 
2J ins. to 4 ins. only cause about 7 to 8 per cent, difference in 
the fusing current Ca as compared to the mean value of 3 J ins. 

We can therefore calculate without any significant error by 
equation (43) and we obtain for wires of circular cross-section : — 

Ca = Vk^Vd^ = fca d«/2 . . . (45) 

From equation (40) we have as a general expression for the 
cross-section a and for the periphery p : — 

C^^ = k^ V a p . , . . (46) 
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For a circular cross-section we have 



ir 



Va2)~ 2^*" 



(47) 



SO that the constant ^2 in equation (45) works out to 



TT 



h = -s fta =: 1*57 Ic 



2 .^3 — JL ti I AS . . , (48) 

For rectangular cross-section (metallic strips) we have for the 
width b and the thickness b : — 

\/~ap = V 2bb{h + b) . . . (49) 

If, therefore, we estimate by experiment the value of the 

constant k^ in equation (45) for round wires, then we can easily 

find also from equation (48) the constant A-a and we obtain then 

for rectangular cross-section : — 



Ca = ksV ap = -k2V'lbb{b + b) 

TT 



(50) 



These formulae, however, as must again be distinctly stated, only 

serve with sufficient accuracy when the influence of the length I 

can be neglected, i.e., when I is not smaller than about 2 to 3 ins. 

In accordance with the rules of the Verband deutscher Elektro- 

techniker the length { of the fuse strip should not be less than 

i = 2 ins. for 80 to 50 amps. 
2i „ 100 
2 J ., 200 

2 J „ 400 

3 „ 700 
The length D between the centres and the distance of the 

poles (see Fig. 80) can be taken from the following table, which 
gives mean values for good designs. 

Table XX. 
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These values are represented graphically in the curve Fig. 81, 

so that the intermediate values can also 

be readily determined. 

The constant k*i (equation 45) has been 

satisfactorily fixed for the various metals 

and alloys by numerous experiments. 

For instance, according to C. Hoche- pj^^ g^ 

negg * we have for ordinary pure lead : — 

(a) A:^ = 1408 . . .in the open air, 

Q)) k^ = 2010 . . . enclosed in glass, porcelain, 

or the like (short cartridges), 

the values of k^ (see equation 48) being 

for (a) ks = abt. 900 

„ (6) ks = abt. 1,280. 

We thus obtain the following equations for purposes of 

calculation : — 

I. Lead Wiees. 

(a) Ca = 2 C = 1408 cpf^ . in the open air, \ 

(b) Ca = ^C = 2010 d'/« . enclosed in glass, por- (51) 

celain, or the like, j 
II. Lead Strips. 
(a) Ca = 2C= 900 V~2b8(b + b) . in the open air, \ 
(i) Ca = 2 C = 1280 \/ 2bb{b + b) . in glass, porce- (52) 

lain,or the like./ 
(Cf. Fig. 82.) 

According to Uppenborn fuse-wires consisting of 3 parts of 

lead and 2 parts of tin, such as are used by the A.E.-G., may be 

calculated according to the following formula (C = normal 

working current) 

d = V ^=27 ("^ *^® ^P®^ ^^^) .... (58) 

From this it follows that 
C = 747 d^'S 

hence kl = 1494 | ^^^^^ ^' ^^' ^''^ ' ' ''^^ 

which differs but little from the above value for lead. 

* "Anordnung und Bemessung elektrische Leitungen," 2nd edition, 1897 
Berlin (Springer), p. 15. 
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Eriacber * gives for the same alloy (3 parts lead and 2 parts 
tin) the valae 

*8 = 807 



IT 



hence *a = o" ^s == ^^^^ 



(open to the air) . (56) 



For medium voltage fuses (up to about 750 volts) fuse wires 
enclosed in comparatively long tubes of impregnated paper pulp 
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are generally employed on the Continent. The tubes should not be 
made too narrow in order to prevent the wire resting on their 
walls. Open tubes are favourable to the blowing-out of the arc 
which arises when the fuse melts owing to the violent air current 
which is produced, particularly with the normal vertical arrange- 
ment of the tube cartridge. On the other hand, with totally 
enclosed tubes the gases produced by the arc appear to smother 
the latter just as effectually, and in this case the spurting about 



* "Elektr. Apparate fiir Starkstrom," 1903, Hanover, Jiinecke, p. 71. 
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of drops of liquid metal and the dangers of the conducting 
metallic vapours are entirely avoided. In any event, however, 
when using closed tube cartridges, care must be taken that, 
in the case of the breaking of circuits with big powers (volts 
X amps .), sufiScient space is provided in the tubes to contain 
the metallic vapours without the fear of explosions occurring. 
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In this respect silver (and silvered copper) seem to be very much 
superior to lead and lead-tin alloys. 

For the determination of the length of the silver wires and 
lead-tin wires respectively (when enclosed in tubes for medium 
voltages) the dotted curves in Fig. 81 are very useful, since they 
are taken from actual tested constructions. 

Erlacher gives the following formula for the calculation of 
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fuse wires (8 parts lead and 2 parts tin) in long tube cartridges 
(almost entirely enclosed) : — 

C« = 2 C = 1344 d«/« . . . (56) 
The values calculated from this formula are plotted in Fig. 83. 

For silver wires (in tube cartridges) the following formula, 
which is calculated from good designs, may be used : — 

C = — 4224 d'l^ (57) 

assuming that we keep approximately to the lengths indicated 
in Fig. 81 (Z for 550 volts, silver) ; for the fusing current Ca we 
thus have : — 

Ca = 2C = 8448 (f /« . . . (57)* 

The values corresponding to this are plotted in Fig. 84. 

According to Schwartz and James the following relationship 
between fusing current Ca and diameter of wire d holds good for 
silver* : — 

Ca = 7 . . . 20 . . . 39 . . .72 amps. 
d = 7*9 mils. . 19'7mils. . 81*5 mils. . 51'2mils. 

These values are also plotted in Fig. 84 ; they are correct for 
openly mounted wires (the lengths are not given). 

The same authors give the following values for fuse wires of 
aluminium : — 

Cft = 8 . . . 29 . . .58 amps. 
d = 7'9 mils. . 19*7 mils. . 81*5 mils. 

However, as has already been mentioned, aluminium is not 
particularly suitable for fuses, as it becomes cracked and brittle 
on repeated heating. 

Iliyh-tension fuses are also generally made in the tubular 
form, but on account of the higher insulation which is neces- 
sary, the tubes can only be made of glass (or clay) or of 
porcelain, in place of impregnated paper pulp. The fuse wire 
attains a length of 8 to 12 ins. and more, according to the 
voltage; tubular fuses of over 1 yard in length have been 
employed (in England) for very high pressures. The material 
used for the fuse wire is almost always silver (so that the 
quantities of metallic vapour may be as small as possible). The 
tubes of glass, china, porcelain (sometimes also fibre and the 

• Cf. NietLaminer, "Elektr. Maschinen, Apparate und Anlagen," III. Band, 
Stutttrart, Enke, 1905, p 210. 
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like) which enclose the fuses, are kept fairly narrow and are 
made open at the top and bottom in order to aid the extinguish- 
ing of the arc by the draught, on which latter account also the 
fuses are mounted verjiically or only slightly inclined (about 
15 degs. to the vertical). These narrow tubes (sometimes two or 
more), are then fixed, generally by cementing, or lightly wedging, 
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in another thick-walled tube (of glass or porcelain) of about 
2J to 8J ins. external diameter which is provided with large 
flanges (4 to 6 ins. diameter) at the top and bottom in order to 
increase the surface of the insulation and at the same time 
protect the switch attendants. The middle cylindrical part thus 
formed serves as a handle and should be made at least 4f to 
6 ins. long in order to render safe handling possible. Insulating 
tongs are frequently used for the removal and replacement of 
these high-tension fuses, in which case the metal parts of the 
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tongs should be reliably earthed (with a cable of not less 
than ^ sq. in, cross-section). 

No bare metal parts carrying current which might be reached 
by the exuding metallic vapours should be placed above the 
fuses, and therefore the fuses should not be arranged above one 
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another, but side by side. The distance between the various 
poles must then be not less than 8 ins. (for about 10,000 volts). 
The fuses are also often kept apart by means of insulating 
fire-proof screens of marble, asbestos cement or the like. These 
screens, which often enclose the fuse on all sides, so that only a 
small opening, frequently closed by a door or grating, is left, 
must not be attached by means of metal parts, or, if such are 
used these latter must at least be so arranged that it is 
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impossible for the arc to strike over through them from pole to 
pole. 

The period of time during which the current acts on the 
fuse is finally of great importance. The length I of the 
fuse wire plays an important part here. Murdock* gives the 
following experimental results (for a lead-tin wire of diameter 
d = -022 ins.— No. 24. S.W.G.) :— 

First Experiment 

Constant current : C = 13'3 amps. 
Z = 8 ins. .... Time for fusion 3 sees. 
2 ins. 
1 in. 



fin. 
fin. 



6-5 „ 
12-5 „ 
>» 92 ,, 



Second Experiment. 

Constant length : Z = 3 ins. 
Fusing current (?« = 16'6 amps. . . 2*1 sees. 

12-25 „ . . 4-5 „ 

8-4 „ . . 28-0 „ 

6-32 „ . . OD 

According to the rules of the " Verband deutscher Elektrotech- 
niker," fuses which are to carry a normal current of C amps, 
must be able to carry continuously a current of 1*25 C {i.e,, 25 
per cent, overload) and must fuse with a current of 2 C within 
two minutes. The fuse wires or strips, in accordance with 
equation (46), attain thus with normal current about \ of their 
temperature of fusion (if we neglect the alteration of the specific 
resistance). Finally the fuse wires or strips should not oxydise 
with the normal current C, as otherwise all the other con- 
ditions alter very considerably. In this respect pure lead is 
not so good as alloys of lead and tin. Silver and silvered 
copper have proved the best in this respect, though Britannia- 
metal (1*85 copper + 81*9 zinc + 16*25 antimony, or 90 tin + 10 
antimony) has also given good results. 

• See ElectHcian, 14, II., 1902. 
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The following values are of use in judging the appropriateness 
of the various materials : — 

J. — Fusing temperatures tg (in degrees Centigrade). 



Copper . 


, 1080 


7 of lead + 3 of tin . 


. 257] 


Brass . 


. 1015 


3 of lead + 2 of tin . 


. 232 


Silver . 


. 968 


1 of lead + 1 of tin 


. 213 


Aluminium 


. 625 


2 of lead + 3 of tin . 


. 189 


Lead 


. 326 


1 of lead + 1-7 of tin . 


. 183 


Bismuth 


. 269 


1 of lead + 1 of tin + 1 of bismuth llOj 


Tin 


. 230 







I* 



The values given by Erlacher (p. 63, Fig. 36) for the fusing 
temperatures of lead-tin alloys diflFer very considerably from the 



Deuces Centi^rouU 



2S0 




A 7 S 

Parts ofbau 



Fig. 85. 



preceding values, being in fact much lower. Fig. 85 shows the 
values of f, according to the Hiitte and according to Erlacher 
respectively. In both curves 3 parts of lead are taken, whilst 
the amount of tin varies ftom to 8 parts. It will be observed 
that the curve drawn according to the Hiitte is the more probable 
of the two, since for 3 parts of lead and parts of tin, i,<?., for 
lead alone, it may easily pass through f, = 326^, which could 
hardly be the case with Erlacher's curve. 

* See Hiitte, " Des Ingenieura Taschenbuch." 
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7/. — I/iteiil heat of Fusion {in tjrammc-calories for 1 gramme of 

the metal concerned for alteration cf the physical state). 
Lead . . . .5-4 1 Silver .... 24-7 
BifimQth . . . . 12-6 Copper . . . . ? 

Tin 14-6 I Braes . . . . ? 

III. — Specific Gravity (in grammes per cubic centimetre). 
Aluminium Wire . 2-75 Bismuth . 9-8 —10 

Tin (rolled) . . 7-3— 7-5 Silver . 10-6 —10-6 

Copper wire . . 8'9 Lead . . 11-25— 11-87 

Lead (liquid) . 10-37 
IV. — Specific Heat {in gramme-calories per 1° C. per 1 gramme). 
Lead .... -031 ! Silver .... -056 
Bismuth . . '031 Brass . . . . -092 

Tin ... . -066 ; Copper .... -093 
V. — Specific Resistance {in ohms at 0° C. compared to mercury ; 



Imglh 


in 


metres ; croea-aection in 


square milliinetres) 


temperature 


eoejicient. 






Biemutb 


Po 


= 189 


, a 


= ■8647„ per 1° 


Lead. 




•208 




■387% 


Tin . 




■14 




•3657„ 


Brass wire 




■066 




■1657. 


Copper 




■0167— -0176 




■38 to 47„ „ 


Silver 




■016 

Types of 


Debion. 


■3777. 



The low voltage fueeB (up to 250 volts.) of almost all firms 
differ from one another only in small details. In general 
flat or angular contact-pieces (generally made 
of cast brass, sometimes of cast copper, or occa- 
sionally of drawn brass or copper) are attached 
by screws to a base-plate of marble, slate, or 
sometimes ambroiu or the like. In many cases 
the terminal blocks are mounted on the switch- 
board without a special base-plate. With multi- 
pole fuses a bridge of insulating material (stabilit, ambroin 
asbestos cement or the like) ia frequently inserted, which may 
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be used at the same time for the attachment of the protecting 
cap(cf. Fig. 86)*. The protecting cover can also be made of sec- 
tion I I I I I I I (for two-pole and three-pole fuses respec- 
tively), so that a separation of 
the individual (wleB by means 
of a special bridge is rendered 
imneceseary ; this can be done 
particularly conveniently with 
angular contact blocks, since 
in this ease the protecting 
covers can be fastened to these 
latter by means of small 
screws with insulating milled 
beads (ct. Fig. 87) t. For 
higher currents, m place of a 
single very thick and broad 
strip, several fuses connected *"^' 

in parallel are frequently used, these being also often split 
medially, since by this means the point of fusion for a given 
current can be more exactly attained, and the fuse can also 



generally bo made shorter. Fig. 88 shows a fuse of this kind fur 
250 volts and 1,000 amps. (Scheiber & Kwaysser, Wien). 

In order to render the fuses non-interchangeable, i.r., in order 
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to prevent the poBaibility of the insertion by mistake of too large 

a fuse, Erlacher proposes that the slits in the end contact pieces 
of the fnse- replacements should 
be made of different breadths, 
and that rings should be slipped 
over the screw-bolts (see Fig. 
87). Besides this the tbicknesB 
of the end contacts of the fuse- 
replacements can be made 
larger for higher currents, and 
by the use of bolt heads pro- 
vided with pins, it can be 
arranged that it is only pos- 
sible to open the fastening 
screws to a certain definite 
extent. 

In many cases the use of 
switch fuses is to be recom- 
mended (for instance, for large 
Fig. 90. house plants and the like) ; a 

fuse of this kind is depicted in Fig. 89 

(type of the Intern. Elektr.-Gesellschaft, 

of Vienna, and built by Grunwald, 

Burger & Co., Vienna). Here the fuse 

wire or strip is fastened on a porcelain 

handle to U-shaped sheet metal contact 

pieces, which can be pressed into contact 

springs. The replacement of the fuses 

is very simple and, if desired, the fuse 

and the contacts can be provided with a 

protecting cover. Similar conditions are 

also fulfilled by the fuse (Fig. 90) made 

by the same firm (design used in the 

" Technische Hochschule " in Vienna 

for the benches in the laboratory). 

A characteristic English type of switch- ' '*'' 

fuse (for voltages up to 440 volts) is that made by the firm of 

Morris & Lister, of Coventry, and illustrated in Figs. 91 and 92. 
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This fuse, which is made for currents up to 500 amps, at 440 volts 
and 1,000 amps, at 220 volte, is particularly solidly couBtructed, 
and has exceptionally ample areas of contact — the contacts being 
in fact precisely the same as the 
standard Bwitch contacts of this 
firm. 

For medium voltage fuses (up to 
about 750 volts) similar types to those 
used for low voltage fuses may be 
employed, provided that the distances 
between the contacts belonging to the 
same pole as also between those of the 
individual poles are correspondingly 
increased. It is, however, ad van- _ 

tageous to assist the extinguishing p^^ ^2 

of the arc by means of a fire-proof 

bridge (or several, if desired), above which the fuse is held In slits 
(Fig. 93, Dr. Paul Meyer, A.-G.). 

Far more frequently, however, tube cartridges are used for 
medium-pressure fuses. Generally these tube cartridges are pro- 
vided with contact pieces which are pressed into spring clips, simi- 
larly to the blades of 
knife • switches. In 
Fig. 94" is shown a 
I cartridge fuse of this 

type, in which the 
non-interchange- 
ability can be at- 
tained in a similar 
p „„ manner to that em- 

ployed for the low- 
pressure fuses (Fig. 87) by the use of slits of varying breadth 
in the blades, and by the employment of rings slipped on 
to the bolts of the spring contacts. The tube (generally made 
of paper pulp, similarly to the well-known Bergraann tubes) 
is fixed in tubular caps formed on the blades, and has a 
small opening on the front gummed over with a strip of 

• From Erlaclier. 
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paper, which is marked with the current and voltage ; when the 
fuse blows this strip of paper is generally torn through by the 
pressure of the metallic vapours, so that it can be seen from out- 
side whether the fuse is still fit for use or not. The external 





( ' ^ 


ti 


B-^- 




^- 


r 


1 

i 
1 




1 

• 

1 


1 /2- 


i- 


ii 


%^ 





^^^^szzzzsznxojL 



'^ZTZZTZCanZZ 



Fig. 94. 

diameter of the tube can be made approximately equal to the 
normal breadth h of the contact blocks (Fig. 1) for the current 
concerned (sometimes 10 to 20 per cent, smaller or larger). The 
fuse wire of silver or of lead-tin alloy (Figs. 83 and 84) is soldered 

into holes in the front walls of the 
end caps and for high currents two 
or more wires connected in parallel 
are generally used. A longitudinal 
section through a porcelain tube fuse 
(Dr. Paul Meyer, A.-G.*) is shown in 
Fig. 95, whilst Fig. 96 shows a two-pole fuse w^ith lacquered card- 
board cartridges. A peculiar form of contact block is employed in 
the cartridge fuse illustrated in Fig. 97 (Scheiber & Kwaysser, 
Vienna). The seatings for the cartridges, being inclined at a angle 

* Electrical Engineering and Equipment Co., Ltd., London. 





Fig. 95. 
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of about 45 degs. to the base-plate, allow the cartridges to be changed 
in a very convenient way, since the fuse can be pushed into place 
with the left hand and the screws loosened or tightened by the 
aid of a key without any danger 
of causing a short circuit to the 
other poles or of touching with 
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the hand, when pushing in the cartridge, the contacts which are 
under voltage. The lengths between centres of the fuses are 
given by the firm as follows : — 

For 10—100 amps. . . 4-3S infl.\ , 

ion nnn rn ■ £0r 550 VoltS 

„ 130 — 200 amps. . . .5-9 ins.'r,. 

nor inn t uri ■ direct curront. 

,, 235 — 400 amps. . . . 7 87 ins.J 

In the choice of a suitable fuse for a given purpose it is 
important to remember that a direct current arc exhibits much 
more marked fiame phenomena than an alternating current arc of 
the same current and voltage. In Fig. 98 some values taken from 
practically tested designs are plotted, and it can be seen from the 
curve that a fuse for about 1,000 volts alternating current should 
only be employed for about 600 volts direct current, 

High-UmioH Fuses. — For high-tension fuses three designs 
have become typical : — 1. Tubular fuses in porcelain or glass ; 
2, horn fuses ; and 3, oil fuses. 

1. Tubular fuses for high tension (up to about 12,000 to about 
15,000 volts). The construction of these is carried out in general 
similarly to that of the medium-pressure tubular fuses, except 
that the distances D of the contacts from one another and the 
distances of the poles e must be made correspondingly greater for 
the higher voltage. The values for the distance D between 
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centres may be taken with sufficient accuracy from Fig. 99 ; the 
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Continuoujs currrji^ 

Fig. 98. 



distance e between the poles can be made approximately the 
same as D, and only when reliable fire-proof partitions between 



'^^xJbcLts for 3 




^ S 6 J 

Pig. 99. 



^iUvolis 



' the individual poles are provided can it be reduced by about 
one-third. Certainly the values of D and e are not infrequently 
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made smaller in order to economise space ; but in this case it is 
advisable to exercise caution, and not to make the space too small 
It is of great importance to see that an ample surface insula- 
tion, both of the cartridges themselves and also of the con- 
tact blocks be provided. On this account grooved porcelain 




Fig. 100. 



insnlators are almost eiclasively employed, multiple reels being 
Bometimes used for the terminal blocks, and for the cartridges 
themselves strong tubes with broad circular flanges and deep 
grooves constructed of bard porcelain with the glaze carefully 
burnt on (as in the case of high-tension switches). 

Fuses are also often constructed as emergency switches, and 
are then made with suitable spark-drawing devices at the upper 
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end, theee l&tter being generally formed on the principle of horn- 
switches. In this ease care must be taken in the design that the 
cartridge is switched off at the upper end first, and then only can 
be lifted out from the lower contacts, in order, to avoid danger from 
the arc, since otherwise the hand of the switchboard attendant 



Fig. 101. 

might come within its region. On switching-in the process must 
be reversed and the lower contact connected first, and only after 
this operation must it be possible to swing Uie cartridge round 
into the upper contact. 

A tubular fuse which is designed on these constructional 
principles is shown in Fig. 100 (Konstruktionswerke elektr. 
Apparate, Bertram patent) * ; the contact springs are on the 
cartridge, whilst the blades are fixed. A slit in the lower contact 

• From Eriacher, 
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spring and a, pin in the lower blade form a detachable joint 
which renders it impossible to switch out incorrectly (i.e., first 
below, and then above). The anti-arcing device is readily 
recognisable in this fuse, a photograph of which is shown in 
Fig. 101. The high-tension (use o£ the MaschinenEabrik Orlikon, 
illustrated in Fig. 102, and the fuse of the firm o£ Voigt & 
Haeffner, A.-G. (Fig. 103) exhibit a similar construction. A fuse 



Fig. 102. Fio, 103. 

(for 150 amps, and 15,000 volts, three-phase) built by Siemens & 
Halska, A.-G. is shown in Fig. 104 ; the fi:se wires are placed 
singly in tubes (made of pressspahn, or tlia like) which are then 
built up into a bundle for each pole and are enclosed in a wide 
glass tube.* 

2. Horn Fuses. — High-tension switch fuses are frequently 
made in the form of horn fuses, in which ease horns are built 
up in the usual way above the fuses (which are generally 
employed in the form of wires) so that when the fuse melts 

• From Pohl,"Di«Montagpeluktr. Licht unci Krft£tnnlnj;on,"Hauovcr(Jancckc), 
1903. 
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the horns take up the arc and extinguish it (see Fig. 105).* 
The hand-grip is permanently and reUably earthed through the 




FiO. 105. 
base-plate and the switchboard frame (angle iron), so that the 
insertion of a new fuse wire and the switebing-in of the fuse 
again is quite free from danger even when there is a Bhort-cireuit 

• Voiftti; HacfEncr, A.-0. 
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existent. If the tueea are placed high up on the frame so that 
they cannot be directly switched in and out by hand, then a 
wooden rod provided with a hook is used, which passes into a 
ring (Fig. 106)* and pulls the fuse over downwards, so that 
here again tbe replacement of the fuse is free from danger. 
3. Oil Fuses. — Of late years the fuse wires in higb-tension 



Fia. 107. 

installations are frequently placed in oil, in order to obtain a 
rapid smothering of tbe arc, as is the case in the higb-tension oil- 
switches. In order to prevent the oil from spurting about in all 
directions, the oil tank should be closed on all sides. The simplest 
arrangement is to have the terminals underneath and the fuse 
strips or wires on the under side of the cover, the latter being 
arranged to open upwards like a door (see Fig. 107).* 

• Voigt & Hacffncr, A.-G. 
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The dimeDsions of the fuse wirea or etrips, will, of course, be 
different in oil from those in air, since the cooling conditions are 
quite different. Exact experiments on this subject have not up 
to the present been published. Detailed data are only available 
for the fuse made by the Lahmeyer Works (Fig. 108 ; cf. F. CoUi- 
achonn, " Elektrotechnisehe Zeitschrift," 1907, p. 471. This 
fuse is characterised by the fact that the fuse wire (made of silver) 
melts above the surface of the oil. Since, however, the fuse wire 
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Fig. 109. 



is stretched in a cartridge which is tightly closed at its upper 
end, whilst its lower end dips slightly into the oil (though not 
sufficiently to cause the fuse wire itself to be wetted by the oil), 
the fusion occurs much more accurately at a given current 
strength than when the fuse wire lies entirely in oil. The 
metallic vapours are blown downwards and very rapidly 
smothered, all the more so since a spring draws the lower 
burnt-out part of the fuse downwards, so that it goes below the 
surface of the oil at once, by which means the arc is completely 
smothered. The spring in question, as also the flexible con- 
ductor built up of fine copper wires, which serves to carry the 
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current, is plainly visible in Fig. 108 in the interior of the 
glass tube. The current is led up in the usual way through 
spring clips.* 

The experimental values given by F. CoUischonn, which are 
plotted in the curve I of Fig. 109, show the connection between the 
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Fig. 110. 

normal current C, the fusing current C^ = 2 C and the diameter d 
of the silver wire. This curve I deviates rather considerably from 
the equation 

C^ = /C2 d'/2 (45) 

as can be seen from the dotted curve, which is drawn for the 
mean value k^ = 21000. 



* TramJator^H yote. — ^This fuse is now no longer manufactured. It is more 
general practice of late years to employ circuit breakers for the voltages and 
cnrrentSi for which this fuse was formerly used. 
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The following equation agrees more closely with the curve I : 



(58) 



(59) 



fi — Z-' ^ 

which can also be written in the form : 

log Ca = log fc'a + wi log d . 
If we put 

log Ca •= y , log }i\ =z a , log rf = x, 
then we obtain from equation (59) : 

2/ = a + m j; 
which is a straight line. 

For the values given by F. Collischonn (Curve I in Fig. 109), 
we have 



(60) 



C„ = 20 amps. 


. d = -0118 ins. 


88-5 „ 


-01575 „ 


58 „ 


-0197 „ 


80 „ 


•0236 „ 


180 „ 


-0315 „ 


and hence 




y - log C„ - 1-301 . 


X — logd = — 1-9281 


1-585 


- 1-8027 


1-763 


— 1-7055 


1-903 ■ 


- 1-6721 


2-114 


- 1-5017 



These values, which are plotted in Fig. 110, fix suflBciently 
accurately the straight line shown, which permits us to determine 
the constants a and m of equation (60). We have 

a = log fc'a = ^ 5*04, 
therefore k\ = 109600 (61) 



and 



a 5-04 

in —~~ — ^rr 

h 2-625 



= -- 1-92 



(62) 



(In the determination of m the angle which the straight line 
makes with the axis of abscissae and its influence must be taken 
into account.) 

The values of k\ and m from equations (61) and (62) when 
combined with equation (58) give us therefore the following 
relationship : 

Ca- ^ 109600 d}'^ .... (63) 

Finally, in Fig. Ill the times of fusion for sudden loads of 
high-current value starting from the cold state are plotted 
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approximately for a 30-amp. (normal current strength) fuse 
of the type Fig. 108, according to F. Collischonn. The 80- 
amp. fuse, it will be seen, stands 52 amps, for about five 
minutes, but melts very rapidly on further increase of current. 
In any event, however, the condition, that double the normal 
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*^mp. 



current, i.e., 2 C = 60 amps, must cause the fuse to melt 
within two minutes at the outside, is here amply fulfilled, though 
at the same time the fuse will stand an overload of 30 to 45 
amps, continuously (i.r., not only 25 per cent., but even 50 per 
cent, overload) without melting. The fuse has also proved itself 
permanently satisfactory in practice. An oil fuse which operates 
similarly was also employed by the Maschinenfabrik Orlikon as 
early as 1901 (see " Elektrotechnische Zeitschrift,*' 1904). 



CHAPTER VII 

SELF-ACTING SWITCHES (AUTOMATIC SWITCHES, 

Automatic switches must break the circuit when — 

(a) the current exceeds a fixed maximum value (overload 
circuit-breakers, maximum cut-outs) ; 

(h) the current falls below a certain limiting value (minimum 
cut-outs, no-load circuit-breakers) ; 

(c) the current alters its direction (reverse current cut-outs). 

In many cases, however, automatic cut-outs have to fulfil 
other conditions besides these, as, for example, in two-phase 
installations, where, when one phase is overloaded or interrupted, 
both phases have to be switched out — a problem which naturally 
presents itself also in three-phase installations and in continuous- 
current three-wire networks. It is also possible to switch in 
transformers, arc lamps, etc., automatically, or at least to switch 
them in from a distance (remote control switches). Besides 
this, the paralleling of alternating current generators by the 
aid of automatic switches has been attempted and successfully 
effected. 

In automatic switches the switch proper is either held in the 
in-position by means of a suitable hold-in catch, in which case a 
stretched spring or a lifted weight strives to effect the movement 
of switching-out, or else the switch is held in directly by the 
magnetic attraction of a release-coil, which under normal condi- 
tions has current passing through it. In the former case the 
catch mentioned is tripped by a suitably arranged release-coil, 
so that the auxiliary force (spring, weight or the like) can open 
the switch. At the same time by the aid of suitable systems 
of levers, etc., and further by allowing a partial free motion of 
the release device before its actual working path commences, 
greater sensitiveness and also a considerable increase in the 
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energy of the release-motion can be obtained. In the second 
case, however, in which a special hold-in catch is generally 
rendered unnecessary by the fact that the release coil acts 
directly on the switch, only a certain constructional part con- 
nected with the switch is in the first place set free (or allowed to 
run loose) after the action of the electro-magnet coil ceases, and 
it is only when this part has stored up the energy necessary 
for opening the switch that it is permitted to act directly on 
the latter. 

In all cases, however, an electro-magnet is used, which is 
excited by the current to be interrupted either directly or by 
the aid of a shunt-resistance; very frequently, however — and 
indeed invariably in high-tension installations with single phase 
or polyphase alternating current — only alternating current of low 
tension developed by the aid of a current transformer is led in to 
the switch, or, better still, the current transformer is employed 
in the first place to operate an alternating current relay, and 
this then leads the current derived from an auxiliary source 
(accumulators or the exciter of the alternator) to the release coil 
of the automatic switch. 

This latter arrangement, which, in the present position of 
apparatus design, can be regarded as the normal one for large high- 
tension installations, has the advantage that the releasing device 
of the automatic switch can be constructed for continuous current, 
which is particularly desirable, because continuous current electro- 
magnets, whilst operating better (i.e., possessing a greater attrac- 
tive force), can at the same time be dimensioned considerably 
smaller than alternating current electro-magnets : these latter 
also, in consequence of hysteresis and eddy current losses, heat 
up considerably more than equally large continuous-current 
magnets, and furthermore give rise to fairly large wattless 
currents, thus working less economically; in addition to this 
there is the further disadvantage that the iron cores of the 
alternating current electro-magnets must be built of lamina- 
tions, which on the one hand renders the practical construction 
in the works more difficult, and on the other hand considerably 
increases the cost of manufacture. For the above-mentioned 
reasons alternating current electro-magnets are only used on 
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the automatic switches themselves when low voltage circuits 
are concerned — w^hich, however, is just what is seldom the case 
with alternating current — or else when there is no continuous 
current available, w^hich can easily happen in certain installa- 
tions (for instance, with alternating or three-phase motors). In 
central stations and sub-stations with rotary converters (motor 
generators or single armature converters) continuous current is, 
however, always available and is, indeed, always employed for 
operating the automatic switches ; this is in fact the chief field 
of application of the latter. 

The following hints will serve as a guide to the method of 
operation and field of application of the different types of 
automatic switches. 



/ 



Fig. 112. 



(a) Maximum current cut-outs or overload circuit-breakers, 

which break the circuit when the current in the release coil 
reaches or exceeds a certain fixed maximum value. 

(1) When the release coil is inserted in the main 
circuit (either directly, or indirectly with the help 
of a shunt or a current transformer), as in Fig. 112, 
then the automatic switch breaks the circuit when 
the current is too high in a similar manner to a 
fuse. Automatic switches of this sort can be used 
to protect generators or motors from overload or 
to prevent the charge or discharge of a battery of 
accumulators at too high a current. They can 
usually be adjusted for 50 to 160 per cent, over- 
load. In any event such automatic switches must 
be provided with amply dimensioned anti-arcing 
devices and properly working quick-breaks, since 
they have to break the circuit satisfactorily, not 
only at full load, but also with an overload, and 
indeed even with a complete short circuit. At the 
same time it should be impossible to switch in 
again so long as the overload is existent. 

(2) The release coil may also be provided with a 
voltage winding, so that the automatic switch breaks the principal 
circuit when the voltage rises above a certain permissible value 







Fig. 113. 
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(Fig. 113), the current in the voltage coil being also interrupted 
when the switch cuts out. By means of an automatic switch of 
this sort the charging current of a battery of accumulators may 
be cut ofif, although for this purpose minimum (no-load) cut-outs 
or, still better, reverse current cut-outs are generally employed. 

(8) If the voltage winding mentioned in paragraph (2) be switched 
in by means of a press-button or the like operated at a distance 
or by the aid of a voltmeter or amperemeter provided with a 
contact (Fig. 114), then the most varied conditions which can be 
exacted from a remote control switch may be fulfilled. The 
operation of switching-out from a 
distance can particularly easily be 
effected, and, by suitable construc- 
tion of the cut-out, which under 
these circumstances assumes the 
character of a remote control switch, 
the act of switching-in can also be 
performed in like manner. Besides 
this, since the coil is only provided 
with a voltage winding, and there- 
fore only carries a small current, it is only necessary to have 
very thin connecting wires, so that, for example, the testing 
wires of the cables can be used for this purpose. The current 
of the voltage coil is interrupted simultaneously with the main 
current by means of an auxiliary contact. 

Types a (1) and a (2) have current constantly flowing in the 
coil, whilst in switches of type a (3), the current only flows 
through the coil during the movement of switching-out, so that 
the latter is only under load for a moment and hence can be 
provided with much less amply dimensioned contacts. 
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Fig. 114. 
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(h) Minimum automatic switches or minimum cuirent cut-outs, 

which break the circuit when the current in the magnet winding 
reaches a fixed minimum value or becomes equal to zero (no-load 
circuit-breakers). 

(1) If the magnet winding is excited from the main current 
either directly or else indirectly by the aid of a shunt or by means 
or a current transformer (Fig. 112), the minimum cut-out may be 
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employed to protect a generator against the reverse current from 
an accumulator battery or from the line ; this case can occur 
when a generator driven by belts or ropes drops in voltage owing 
to the driving motor being heavily loaded in other ways, so that 
its speed is momentarily lowered— an occurrence which cannot 
always be immediately remedied by means of the shunt regulator. 
The back current from the accumulators or from the line would in 
this case drive the generator as a motor in the same direction of 
rotation, provided that the machine had only shunt excitation ; 
in the case of a compound-wound machine there would also be a 
danger of reversal of the poles. In alternating current and 
three-phase installations a minimum cut-out is also sometimes 
necessary, since otherwise it might happen that with reversal of 
current a generator is driven as a synchronous motor either from 
the line or from the other generators. For most of such cases, 
however, a reverse-current cut-out is employed. 

In this connection, one case mentioned by Erlacher* is of 
particular interest : a high-tension synchronous motor was 
working together with a locomobile on the same shafting, which 
was also used in starting the motor to attain synchronism. One 
day, on account of a repair which had to be made, the high- 
tension line was switched out in the generating station. The 
synchronous motor ran, however, all the same, since it was driven 
by the locomobile through the shafting, and, by acting as a 
generator, developed the full voltage and thus kept the leads 
alive although these were cut off in the generating station. 
A workman from the station, thinking that the leads were dead, 
and wishing to work on them, was killed at once. This accident 
could not have happened if the synchronous motor had been 
furnished with a minimum (or reverse current) cut-out. 

(2) If the magnet winding of the minimum cut-out is connected 
in the field magnet circuit of a shunt or compound motor (Fig. 
115), then the cut out breaks the connection of the motor to the 
line when the current stops owing to a breakdown at the gene- 
rating station or when a main fuse blows, or finally when the 
excitation circuit of the motor is accidentally interrupted. In all 
these cases the armature of the motor would be endangered if 

* " Elcktr. Apparate fiir Starkstrom," p. 94. 



SWITCHES AND SWITCHGEAR 



107 



/ 






/ 



the current continued to flow or if the armature alone remained 
in circuit. This "no-load release'* for shunt and compound 
motors is very often fixed on the starter itself, in which case the 
starter handle is also automatically thrown back into the starting 
position (cf . Chapter VIII.) . 

(8) The magnet winding of a minimum cut-out can also be 
connected across the terminals of a series motor, a voltage coil 
being then used in the cut-out (Fig. 116) ; the motor is then 
switched out by the automatic switch when the current is inter- 
rupted in consequence of a breakdown. This arrangement can 
also be fitted to the motor-starter itself. 

All minimum cut-outs of normal design can be so adjusted 
that when the current drops from 
the maximum they switch out with 
certainty at about 8 per cent. ; in 
most cases a current of about 8 — 10 
per cent, of the maximum value is 
then necessary to hold the switch 
in when the current increases from 
zero onwards.* 

In general the demands which 
are made on a minimum cut-out 
as regards switching-out are considerably less than in the 
case of a maximum cut-out, since the breaking of the circuit 
generally takes place with only a very small percentage of the 
normal load. Nevertheless, even with minimum cut-outs it is 
strongly advisable to provide quick-breaks and anti-arcing devices 
in order to prevent destruction of the contacts by sparking, as 
otherwise the easy working of the cut-out might be seriously 
jeopardised. 

((•) Reverse current cut-outs. 

With reverse current cut-outs the method of operation is similar 
to that of overload cut-outs, inasmuch as the magnet has in this 
case also to release a catch and thus free the switch. There is 
however, an important difference in the winding of the magnet, 

♦ Cf. Niethammer, " Bercchnung elektr. Masch.," Vol. III., p. 219, from Voigt & 
Haeffner, A.-G., 1904. 
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which, in the case of the reverse current cut-out, consists of a 
voltage coil and a main current coil, these two acting under 
normal conditions in opposition to one another (differential coils) 
and thus preventing the operation of the release magnet (Fig. 
117). On reversal of current both coils then act in the same 
sense and the cut-out operates with all the greater certainty, the 
higher the reversed current becomes. 

In this respect the reverse current cut-out possesses a con- 
siderable advantage over the minimum cut-out. One would 
certainly suppose that a minimum cut-out would suffice to pro- 
tect a circuit against current reversal since the current must 

pass through zero when it changes its direc- 
tion ; but, as a matter of fact, in consequence 
of the magnetic inertia and the inertia of 
the cut-out itself, the action does not occur 
instantaneously, but only after the lapse of 
i a certain time (even if a very short time) 
j after the diminution of the current to zero ; 
I when current reversal occurs, however, it 
I may happen that, before the cut-out has 
I had time to break circuit, the current has 
,>7|[j]fyjQfj]f^ ' grown rapidly in the opposite direction and 

j J thus consequently holds the cut-out in all 

•pj^ jjY ^h® more securely. The employment of a 

reverse-current cut-out with a differential 
winding on the coil renders such troublesome occurrences quite 
impossible. 

As a matter of fact, reverse current cut-outs can also be used 
as a protection against overload, since they can be so adjusted 
that, when the current in the main coil increases, the action of 
the voltage coil is more and more neutralised until finally the 
current necessary for release is reached. 




r-ytoy 



If the mode of operation of a maximum cut-out or of a reverse 
current cut-out used for overload be compared with the operation 
of a fuse, then a characteristic distinguishing feature at once forces 
itself upon one's observation. The automatic cut-out breaks the 
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circuit almost instantaneously just at that instant in which the 
current passes the prescribed limiting value ; the fuse, on the other 
hand, requires more or less time before it " blows," just according 
to the magnitude of the overload. This property of the fuse is 
admirable in cases where the protection of a conductor, machine 
or the like against excessive heating is concerned, Le. in all those 
cases in which the product C^ X t(C = current, t = time) plays 
a part. On the other hand a fuse would prove very much less 
satisfactory as a means of preventing immediately the rise of the 
current above a certain jBxed amount — indeed, in many cases 
this object could not be attained at all by means of a fuse. For 
instance, since fuses must be able to stand an overload of 25 per 
cent, permanently (cf. ChapterVI.,Fuse8,p. 83), they can obviously 
not be used at all for cutting out with 10 to 20 per cent, overload. 
Furthermore fuses must break the circuit at double the normal 
load within two minutes at the most starting from the cold con- 
dition. Overloads of 100 per cent., however, when acting for such 
a comparatively long period can under certain circumstances 
become dangerous. 

Another unpleasant characteristic of fuses is that a certain 
amount of time is always necessary for the replacement of a fuse by 
a new one, so that undesirable stoppages in working of considerable 
duration may in this way be caused. Account has been taken of this 
fact in the latest regulations of the ** Verband deutscher Elektro- 
techniker,*' for, according to these, no fuses are to be used in the 
main generator leads in big central stations. This regulation is 
also further justified by the consideration that, when a main 
generator fuse of this kind blows, a heavy overload may easily 
be thrown upon the remaining generators connected in parallel 
with it. Again, if, whilst a new fuse is being inserted, the short 
circuit or the cause of the excessive overload has not yet been 
eliminated, then the operator may be endangered, since the fuse 
will blow again immediately in his hands. 

With overload circuit-breakers all these evils can, however, be 
avoided, since the interruption of the circuit is eflfected much 
more exactly and precisely at a given overload, besides which, 
by the addition of a suitable release or locking device, the 
re-insertion of the released cut-out can be rendered impossible 
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so long as the short circuit or the impermissible overload is still 
existent. 

The requirements for reverse current and minimum cut-outs 
can, of course, not be fulfilled at all by fuses. 

Now in many cases the almost instantaneous operation of the 
cut-out is also not entirely desirable. This holds good in par- 
ticular for overload circuit-breakers, which break circuit imme- 
diately, even under momentary overloads, and thus do more than 
IS really requiredi Overloads which rapidly disappear again are 
for the most part harmless, indeed, small overloads can almost 
always be carried by the machines, motors, transformers, etc., 
without danger for a short period of time (for instance, twenty to 
thirty seconds or even longer) and it is therefore desirable that 
the overload cut-out should break circuit instantaneously only 
when there is a complete short-circuit, and in other cases should 
not cut out until after a certain large or small interval of time, 
according to the magnitude of the overload. This is also the 
reason why the modern reverse-current and overload cut-outs 
for high powers (for example, particularly those employed in the 
generator, converter, and transformer mains and in the feeders) 
are almost always combined with a time relay, which fulfils the 
task of retarding the release of the cut-out to a more or less 
extent according to the magnitude of the overload. Overload or 
reverse-current circuit breakers of this kind provided with time 
element possess then, as far as the speed of breaking circuit is 
concerned, similar characteristic properties to fuses, which latter 
also " blow " more quickly with a greater overload — this being, 
indeed, considered as a particularly valuable characteristic of 
fuses. Unfortunately, however, fuses (as was already mentioned 
before) have the drawback that a reliable interruption of the 
current with very high powers, and particularly at high voltages, 
is hardly attainable, or, at least, is not attainable in a completely 
satisfactory way, since the metallic vapours formed by the melting 
of the fuse strip are able not infrequently to give rise to quite 
unexpected short circuits or a continuance of the arc or, again, 
to cause the latter to strike across to the adjacent current- 
carrying parts. Better results are obtained with oil-fuses. 

In interrupting the current by means of a circuit breaker, 
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however, the arc may be either magnetically blown out or, as is 
almost always the case with high-tension circuit breakers, may be 
smothered in oil. In cases of this sort a normal oil-switch is 
usually converted into an overload or a reverse current cut-out 
by the addition of a releasing device, the release being governed 
by a maximum or reverse-current relay respectively combined 
with a time relay. These relays can, in an exactly similar 
manner to directly operated cut- outs, be provided with main- 
current or with voltage excitation according to the conditions 
which the apparatus has to meet. In large installations, and, 
indeed, equally advantageously in small installations also, the 
time relay is entrusted with the task of localising a short circuit 
or an excessive overload in the distribution network and thus 
guarding against the necessity of shutting down the whole plant 
immediately. 

For instance, in the feeders for the distribution network, circuit- 
breakers would be used, the time relays of which act after a short 
period of time, say five seconds,^ whilst the main leads from 
the bus-bars of the generating station to the bus-bars of the 
sub-stations are protected by circuit-breakers which are only 
released after perhaps ten seconds; the leads from the generators 
to the bus-bars of the station would then be provided with cut- 
outs which would switch out in about fifteen or twenty seconds. 
With such an arrangement of the circuit-breakers the stoppage is 
restricted to that part of the circuit which is actually out of 
order, so that this part can then rapidly be entirely cut out ; the 
whole of the remainder of the network, however, remains working 
as usual. 

The sudden switching out of fully-loaded generators or main 
feeders is, nevertheless, always a matter demanding considerable 
caution, since, in consequence of the instantaneous unloading of 
the driving motors, the speed, and with it the voltage, imme- 
diately rises, so that sometimes danger may accrue before the 
governor of the steam engine or turbine has yet had time to 
act in a contrary sense. According to a suggestion of the 
A.E.-G. Union t this danger can, however, be avoided by causing 

* Cf. Nicthammer, Band III., p. 224. 
t I). R. P., Nr. 124, 458. 
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the release of the maximum cut-out M A (cf. Fig. 118) to open 
an auxiliary switch a:, which under normal working conditions 
keeps short-circuited the protecting resistance w inserted in the 
field circuit of the generator. This resistance w, if suitably 
dimensioned, then very considerably reduces the field current 
and therefore the voltage immediately on the release of the 
cut-out. 

Three-phase generators, the dimensions of which are not too 
small and which are capable of standing a short circuit or a high 

overload for a very short period, 
can also sometimes be connected 
to the bus-bars without circuit 
breakers ; even in such cases, 
^ however, it is advisable to insert 
][^ at least a maximum or reverse 
current relay, which operates 
signal lamps or bells and thus 
forcibly calls the attention of 
the switchboard staff to the 
abnormal occurrences. Certainly 
this is under the assumption 
that the switchboard staff is 
sufiSciently reliable and does 
not lose its calmness and pre- 
sence of mind on such occasions, 
but at once takes action in the 
right way so as to repress the dangers in the very moment of 
their arising. 

In order entirely to avoid the unpleasant incidental effects 
consequent upon the complete interruption of the current in the 
generators and feeders it has also been proposed to place a 
maximum current relay without a cut-out in the circuit, the 
former being then arranged to switch a resistance into the field 
magnet circuit when overload occurs and thus lower the voltage 
(and consequently the overload current). This arrangement can also 
be doubled, or even trebled, so that with a small overload relay I 
operates, then, as the overload increases, the relay II switches 
a further resistance into the field magnet circuit, after which, 
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with a still greater overload, relay III comes into operation and 
so on. It must, however, not be forgotten that an arrangement 
of this sort causes fairly considerable alterations in voltage, 
which, in the case of central stations requiring to supply current 
always at the same voltage, would be impermissible. In stations 
which are entirely devoted to tramway work, however, this dis- 
advantage becomes unimportant in comparison to the great 
advantage attained thereby, viz., that a shut-down or stoppage 
of running of the machines is rendered highly unlikely, since a 
small or large overload merely causes smaller or larger altera- 
tions of the voltage, whilst on the removal of the overload the 
relays go out of action 
again and automatically 
short-circuit the resist- 
ance in the field circuit 
at the right time, so that 
the voltage is brought 
up to the original value 
once more. An arrange- 
ment of this sort with 
two maximum current 
relays operating one 
after another is used 
for the three - phase 
transmission line in the Morbegno Central Station of the Yaltellina 
railway.* 

If it be sufficient to notify overloads by a signal without 
breaking the circuit at the same time, then a resistance 
r may be inserted in the manner shown in Fig. 119, so that 
between the terminals Ki and Ka a pressure e =z C r exists, 
which operates a bell connected to the two terminals as soon as 
the current C exceeds a certain limiting value (M. Kammerhoff, 
Hamburg). 

This method of protecting circuits is particularly to be recom- 
mended for small electromotors for driving drilling machines, etc., 
since, in such cases, the danger of overloading is very great. 
The bell, however, ringing more and more strongly the more 

* Nicthammer, Vol. III., p. 230. 
B. I 




114 SWITCHES AND SWITCHGEAR 

the load increases, calls attention immediately and forcibly to the 
impermissible state of things. In most cases it is sufficient to 
make the voltage e equal to about 1 volt, as most of the commonly 
used bells work quite well with very little more than 1 volt ; the 
bell current i is usually of the order of magnitude of about 20 to 
40 milliamperes when the resistance R of the bell is about 50 
to 25 ohms. 

The mode of operation of the automatic control switches or 
current limiters made by the A.-G. Dr. Paul Meyer,* Berlin 
(Figs. 120 and 121), is also very curious and interesting. These 
apparatus have not only to interrupt the circuit as soon as the 
current exceeds a certain fixed maximum value, but have also 
to make the circuit again as soon as the overload is no longer 
existent. They can be used either for continuous or alternating 
current, and are employed particularly advantageously as current 
limiters in lighting installations on the contract supply system, 
since they open and close the circuit intermittently when the 
number of lamps allowed is exceeded, whilst at the same time 
permitting the current to pass continuously again as soon as 
the load has been reduced to the permissible amount. Large 
numbers of them have been installed in connection with such 
contract supply systems both in England and on the Continent. 
Fig. 120 represents the type used for currents up to 3 amps., 
and Fig. 121 that for currents from 3 to 12 amps. In the 
smaller and most used type (Fig. 120) an electro-magnet is 
provided, the coil of which is connected in series in the main 
circuit. Immediately below the electro-magnet is fixed a small 
glass tube filled with a neutral gas and furnished with two 
depressions containing mercury, and having fused into them two 
connecting wires, which carry the main current. Resting on the 
surface of the mercury contained in these two cup-like depres- 
sions is a light, soft iron needle, which bridges over the two 
contacts and so allows the current to pass. As soon, however, as 
the current exceeds the fixed maximum value for which the 
apparatus is adjusted, the electro-magnet becomes sufficiently 
powerfully excited to attract the iron needle upwards and so 

* London, The Electrical Engiaecring and Equipment Co., Ltd., 109—111, 
New Oxford Street. 
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break the contact at the mercury caps. Immediately this 
occurs the magnet becomes demagnetised and the iron needle 
falls once more, tbus re-establishing the circuit. The same 
operation repeats itself continuously, with the result that the 
circuit is intermittently made and broken in an exactly similar 
manner to that which occurs with the armature and hammer of 
an electric bell. The action of the larger type (Fig. 121) is very 
similar, but here the tube itself is movable and is rigidly attached 
to the 8oft iron armature of the electro-magnet. Also, in place 
of the soft iron needle, a thread of mercury is used within the 
tube to bridge over the two mercury contacts. When the current 



Fig. 120. Pig, 121. 

exceeds the fixed maximum, the armature is lifted and the tube is 
thus tipped up, so that the thread of mercury flows over into 
the left hand part of the tube and so breaks the circuit. 

These apparatus are particularly sensitive and are capable of 
being very easily adjusted to the desired current strength. It 
should be particularly noted that oxidation and consequent 
accumulation of dirt on the mercury in the glass tube is entirely 
obviated by the fact that the latter is completely closed to the 
air and is filled with a neutral gas. The employment of totally 
enclosed mercury contacts (in place of the open mercury cups, 
which have always shown themselves to be unsatisfactory in 
practice) has proved entirely successful in tliis apparatus, which 
not only works entirely antomatically and without attention, but 
also remains permanently in working order. 

I 2 
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111 Fig. 122 is shown a eingle-pole maximum (overload) circuit- 
breaker made by the firm of Dr. Paul Meyer, A.-G. The weighted 
lever seen in the illustration is held 
in when the switch is closed hy means 
of a locking cam, which may be 
released either by band or by the 
action of the release magnet. In 
the Biualler types the opening of the 
switch by hand is effected by simply 
pulling the hand - lever forwards, 
whereas in the larger types the arma- 
ture of the magnet is actuated by 
a separate lever. As soon as the 
weighted lever is released either elec- 
trically or by band it falls down, and, 
in BO doing, develops sufficient kinetic 
Fio. 122. energy to pull the switch blade out 

with it. The adjustment to the desired 
current is effected by regulating 
the pull of a spring fixed above 
the magnet. Particularly solid 
replaceable anti-arcing contacts 
are provided to take the breaking- 
arc, and this latter is also blown 
out by means of a powerful mag- 
netic blow-out. 

Fig. 123 shows a three-pole 
overload circuit breaker made 
by the same firm with two 
series releases and one no volt 



In Figs. 124 and 125 a mini- 
mum and a maximum cut-out 
respectively for 60 amps, are 
shown, and in Fig. 126 a maxi- 
mum cut-out for 800 amps, is ^^°' '^^' 
illustrated, these being all made by the firm Griinwald, Burger 
3i Co. (Vienna). 
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In Fig. 127 an overload circuit-breaker manufactured by the 
General Electric Co., U.S.A., is ahown ; here the ewitch-lever is 
held in the " in " position by the action of a knee-lever. The 
break is effected by means of the electro-magnet, \vhicb attracts 



the armature A and tbuB through the agency of the cross-piece a 
engages with the cam » on the operating lever, and throws the 



Fig. 12ft. 
latter upwards so that the spring / can open the awitclT-lever. 
The arc is broken on the auxiliary carbon contacts K. By means 
of the screw s, which regulates the air gap, the breaker can be 
adjusted for a given current. 

The overload circuit-breaker of the same firm shown in 
Fig. 128 is of curious construction. The release coil is placed In 
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the frame H (in the left-hand figure the winding of the coil is 
partly visible) ; the iron core, which Ib sucked into the coil at a 
given current strength, lies normall; in the tube B, fastened 
below H, and is provided with a pin i projecting through a slit 
in this tube. If, now, the iron core be drawn upwards by the 
action of the current, then the pin i strikes against the arm d of 
the little catch-lever d k g, turning about the axis n, so that 
the hook h sets free the cam N ; in consequence of this the coil 
frame H falls downwards under the action of its own weight and 
of the spring f, turning itself in so doing about the axis X. By 



the agency of the guide v the handle is brought at the same 
time into the " oat " position. The main contact is formed 
by the brush B and the contact surface A, whilst carbon contacts 
Ki Ka are provided to take the arc on breaking. If it he desired 
to open the switch by hand, then the little key g must be 
depressed, thus causing the tripping lever d h g to disengage 
from tlie cam N of the switch-lever, so that the switch can 
fall out. 

The overload circuit-breaker illustrated in Fig. 129 (General 
Electric Co, and A.E.-G. Union) has also found very extensive 
application — particularly in tramway central stations. A par- 
ticularly interesting point in this switch is the magnetic 
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blow-out o( the arc, the design of which has become a model 
for the construction of many Bimilar apparatus. The mode of 
operation of this cut-out can be readU; seen from the diagram- 
matical drawing (Fig. 130). The current passes through the 
coil s (which works as a maximum relay coil and has either 
the whole current to be interrupted or a branch of the same 
passing through it) to the contact ai and thence through the 
brush b to the second contact a^ and on to the leads (bus- 



Fig, 128. 

bars, etc.); between ai and a^ there is a second path for the 
current through the coil nii of the spark-extinguisher, 
across the auxiliary contacts hi h^ and through the coil Tfia 
of the spark-extinguisher. The rod (, which carries the 
brush b and is pulled downwards by the spring F, extends 
upwards in a vertical direction and is arranged to pull the 
auxiliary contact c, to which it is attached by a link i, out 
from between the two horn-shaped contact pieces immediately the 
main current path aib Oi has been broken. If the connectiouB 
of the electro-magnet coils mi and nij be made in the sense 
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shown in Fig. 130, then the front plate of the apark extioguiaher 
(cf. Fig. 129) will become a north pole aod the back plate a aouth 
pole; therefore, after the withdrawal 
of c, aa BOon aa the arc ia formed between 
the auxiliary contacta ^i /la, it is driven 
upwarda and rapidly extinguished. An 
" arcing box " of fireproof material 
(asbestoa cement or the like) takea the 
arc. On the rod t at the point y the 
guide-lever y x is fixed, which ia con- 
nected at X to the angle-lever G op x\ 
the angle-lever thus formed ia atretched 
out almost straight when G ia presaed 
downwarda and the switch thus closed. 
Fio. 129. The stop p rests on the cam » of the 

release lever, which rotates about the 
axis d, and is struck 
downwards on the left- 
hand side, and thus 
upwarda on the right- 
hand Bide by the arma- 
ture lever A {through 
the medium of the 
adjuatable screw <r), a 
powerful operation being 
ensured by the provision 
of a certain free motion 
at (T. The adjustment 
for a given current 
strength is effected by 
the aid of the spring / 
and the adjusting screw 
K; a pointer Z can also 
be arranged in conjunc- 
tion with a scale T to show the current strength at any given 
time. To release the cut-out by hand the knob g must he pulled. 
Frofiuently a contact is provided wliich ia closed as soon as the 
cut-out breaks circuit, so that a ajgnal lamp or signal bell is 
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switched in and so notifies the operation of the cut-out. The coil s 
may also be provided with a voltage-winding or be made in the form 
of a differential relay, so that the apparatus can operate as a 
minimum or reverse-current cut-out with merely slight alterations 
of the release mechanism. 

It is very useful, and, indeed, in the case of circuit-breakers in 
the main leads, absolutely necessary, to provide a device which 
renders it impossible to switch in the circuit-breaker on the main 
contacts as long as a short-circuit or a big overload is existent in 
the circuit. 

With double-pole circuit-breakers the possibility of switching-in 
too hastily when a short-circuit is existent can, in 
accordance with an American design (La Roche & Co.),* 
be prevented by arranging that the two switch-levers 
move independently of one another but are controlled 
by the same maximum current release. If, now, one 
lever is pushed in after the other, then the first lever 
falls out again each time as soon as the second one 
is switched in, so long as the short-circuit has not 
been removed. 

The circuit-breaker may also be provided with an 
intermediate contact which, on switching in, first 
closes the circuit through a resistance //', and does 
not connect up direct to the network (cf. Fig. 131); jl^^ y,^ 
the amperemeter then permits one to see whether the 
short-circuit is still existent or not. It is still more useful to 
provide a catch which, through the agency of an auxiliary coil 
excited when the intermediate contact is reached, prevents the 
complete closure of the switch. M. Schiemann has produced an 
interesting design of this character.! 

The possibility of switching-in again whilst the short-circuit 
is existent is also prevented in a very ingenious way in the 
overload cut-out made by the Schuckertwerke (Fig. 132, 
designed by Obering. H. Miiller). The iron core k of the series 
coil 8 lies in a brass tube w?, which is held in the lower i)osition 

♦ Niet hammer, '* Generatoren, Mi)torcn und Stcuerapimrate fiir elektr. betrie- 
bene Hebe-undTransportmaschinen," Berlin (Springer), 1900, p. 47 (Fig. 81). 
■f Kiethamm^r, "Oener.. Mot. und Stcucrapparate u.s.w.," p. 47 (Fig. 83). 
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by the cam v of a locking hook i (see Fig. 132), whilst a 
spring e strives to lift the rod t, together with the tuhe m, and 
thus to open first the main bruah c and then the resiliently 
coupled auxiliary brush d. If, now, the current, which flows 



Fic. 13^. -- Fig. 134. 

from p through s and c to n, exceeds the fixed maximum, 
then the iron core k in the brass tube m is drawn upwards, 
in consequence of which the cam x pushes out tlie locking 
lever t (which projects partly into the tube m) so that the locking 
hook V releases the tube m and the spring e can then bring about 
the interruption of the circuit. The switching-in mechanism, 
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which is formed of an angle-lever and a system of guide-rods, is 
brought in consequence of this into the position shown in Fig. 133. 
To switch in again it is necessary first to turn the angle-lever 
upwards by means of the handle 7 until the hook r engages again 
and then to move the handle g (Fig. 184) down again until the 
mechanism once more assumes the original position. 

If, however, the short-circuit or the overload still continue, 
then on switching-in again the core immediately cuts out once 
more, since the arcing-contact adb 
closes the circuit before the main 
brush c is switched in again. It 
is thus impossible to switch the 
circuit-breaker in as long as the 
overload is still existent. In Fig. 
185 a later type of overload circuit- 
breaker made by the Siemens 
Schuckert-AVerko is illustrated. 

A remarkably simple type of 
automatic switch is that built by 
the firm of Morris it Lister, of 
Coventry, and which is illustrated 
in Figs. 136, 137, and 138. In 
this switch, which is essentially a 
maximum current or overload cir- 
cuit-breaker, an ingenious thermal 
device is employed to effect the 

release. Two parallel metallic strips, which carry the current, 
control catch-pieces engaging with the head of a mushroom- 
shaped bolt. The strips, which are of various special alloys, 
are set with their ends rigidly fixed into the two metal contact 
blocks, and are allowed to carry either the whole, or a definite 
shunted part, of the main current passing between the contacts. 
When an excessive current passes, the strips become heated 
and expand, thus permitting the catch-pieces to spring out- 
wards, and ultimately— provided the overload be of sufficient 
duration— allowing the head of the mushroom bolt to slip 
through between them and so release the switch-lever. The 
arrangement of the strips and mushroom bolt is sufficiently 
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clear from the illustrations. Fig. 136 shovs the &Eed handle 



overload type of circuit breaker in the cloeed position, Fig. 187 
the free handle overload type open, and Fig. 188 sliowa the 
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automatic switch fitted with a release coil (consiBting of a " pot " 
magnet fixed beneath the breaker) for no-voltage or miaimuiQ 
current release. For reverse current release a differentially 
wound coil ia employed. 

In the fised-handle type the handle is rigidly attached to the 
Bwitch-lever and the switch is actually held in the " in " position 
by the muabroom-headed bolt, which is fixed in the base. Over 
this bolt the atrips pass during the operation of switching-in and 
the catches controlled by these strips engage with it. In the 
free-handle type the handle is 
fixed to a separate moving part, 
and the mushroom bolt to another 
moving part called the push-in 
piece. The switch - lever itself, 
with its metallic strips, is quite 
distinct from either. All turn 
about the main pin, which is fixed 
in the breaker cradle. When the 
handle is pushed upwards in order 
to throw the switch in, it bears on 
the puBh-in lever, and the latter 
presses on the swinging catches, 
which are controlled by the strips. 
Thus all these parts are moved 
forward together until the switch 
arm is well home, when the 
push-in lever is locked in place by pio, lag. 

s strong flat spring underneath the 

breaker cradle, which engages with a suitable catch on the lever. 
When an overload of sufBcient duration occurs, the strips expand 
and allow the catch-pieces to slip over the head of the mushroom 
bolt, thus permitting a pull-out spring to act and throw the 
switch-lever into the " out " position. As the arm comes out 
cam surfaces at its lower end press down the bottom spring and 
so release the push-in lever. All parts then move with the arm 
into the "off" position. Before closing again the locking bolt 
must be drawn back through the catch-pieces by pressing the 
handle downwards. 
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Id the no-voHage type the bottom locking plate is sprung 
downwards instead of upwards, but the lid of the " pot-magnet " 
below carries a projection, which reverses this downward pressure 
when there is current in the magnet coil. So long, therefore, 
as voltage exists the breaker is an ordinary free-handle overload 
breaker as described above- But the moment voltage fails there 
is nothing to lock the breaker in the " on " position. 

A very simple double-pole breaker of this type is also made by 
this film for the protection of small motors up to about 25 



Fig. 139. 

amps. (Figs. 139 and 140). In this the two thermal strips 
are placed one on one pole and one on the other and combine to 
operate a single catcb in the following way : — 

Two brass toggle pieces bear at their outer ends in sockets, one 
in the middle of each strip ; while their inner ends rest in insulat- 
ing sockets, on a rocking catch piece. A strong spring tends to 
throw the catch off while the tension of the strips tends to hold the 
catch in the operative position. The moment, however, that the 
strips expand the spring pulls tlie catch piece over the dead centre 
of the toggle and makes the catcb fly to the other side of its neutral 
position. The result is that a very small expansion of the strips 
is enabled to produce a very large movement of the catch. Tlie 
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rest of the mechanism Ib quite simple and is so devised that the 
strength of the forces holding the breaker does not in any way 
affect the movement of the catch under the influence of the 
tension of the thermal strips. In this type the arm is a slab of 
insulating material which carries the contact blocks and the catch 
mechanism, and the whole switch combines to make a remarkably 
simple form of d.p. breaker as shown in the figures. 

These circuit-breakers possess in themselves a natural time 
element similar to that of a fuse, and thus obviate the necessity 
of adding any special retard- 
ing device. In fact, they 
possess all the advantages 
of a fuse without any of its 
drawbacks. 

In all cases where pro- 
longed excess of current is 
injurious, while momentary 
excess is not, the time- 
element breaker offers a 
great advantage over the 
usual magnetic pattern ; for 
while the latter must be set 
up to a high tripping current 
to avoid release when not 
wanted, the time element 
pattern requires no such ^°' 

setting up, but can be used to give close protection against 
any prolonged overload whatever. Thus, for all classes of motor 
work, whether for shop-drive or traction, and on feeders supplying 
a rapidly fluctuating current, a breaker of the tima-element type 
is to be preferred ; and is, in fact, necessary if close protection 
is to be obtained. 

The attempt has also been made to perfect the maximum 
cut-out by causing it automatically to close the circuit again on 
the removal or cessation of the overload ; a very interesting 
solution of this problem due to Earl Porter Wetmore, Wolver- 
hampton, Stafford,* is shown diagrammatically in Fig. 141 

' D. B. P., No. 15M10 ; cf. E. T. Z., 1905, pp. 520, 521. 
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(for example, for the feeder of a railway with return through 
the rails [earth E]). When overload occurs the coil vi of the 
maximum relay lifts up the core Ki, in consequence of which 
the release lever H, acting against an adjustable spring /, 
pulls the catch h under the cam n on one side, so that the 
automatic switch is brought into the " out " position by the 
action of its own weight. The final interruption of the circuit 
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Fig. 141. 



occurs at the anti-arcing contacts Hi c H2, which may have a 
blow-out box with magnetic extinguisher built over it. 

After the act of switching out the circuit through Li, ^, 
coil ?7?3, z, u, X, L'l is closed. Now the winding of ins is so 
calculated that viq attracts the armature and locks the rod i by 
means of the catch K so long as the overload in the circuit L'l 
continues to exist. The maximum magnet m has, of course, 
been rendered dead by the action of switching out. 

If the overload or short-circuit has been removed, then the 
magnet vis does not become suflBciently excited, and consequently 
remains in its position of rest ; since, however, the core of the 
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electro-magnet M together with the rod S has fallen down, bo 
that ti connects the two points 3 and 4, hence the current has 
tlie following path : from Li through y, coil ma, z, u, 4, 8, to, v, 
coil nta, r, coil M, lead La ; the coil nta thus draws the core Ka 
upwards, whilst at the same time the switch-in magnet M lifts 
the automatic switch into its closed position. In order, however, 
to avoid an automatic breaking of circuit between 8 and 4, it is 
arranged that the coil ma pulls more quickly than the switch-in 
magnet M — which is easily ensured by appropriate damping of 
the motion of M (preferably by means of air-damping). As hooq, 



Fig. 14a. 

however, as the core Ki is lifted up by the coil ina, a new path is 
laid open for the current, namely: Li, y, coil ma, z, 6, 5, r, 
coil t»a> ^1 coil M, Lj ; the switch-in magnet M can therefore 
continue to lift the rod S until the brush B has made contact 
again on a and h, and h and n have become locked once more. 
Meanwhile, however, the plate h has again short-circuited 
the ends of the coil vi^ at the contacts 1, 2. In consequence 
of this Ea falls down again and the plate h interrupts tbe 
current between 5 and 6, so that the initial state of things is 
again restored. 
In Fig. 142 is shown a minimum cut-out built by the firm 
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Dr. Paul Meyer, A.-G-., BerliD, the simple construction of which 
can be understood at once. The adjustment for a given mini- 
mum current strength can be effected by means of a screw, 
which permits an alteration of the size of the air-gap. When 
the current falls below the fixed limit, the heavy iron lever 
held in by the action of the coil first falls out, and then, in 
consequence of the increasing kinetic energy which it develops, 
palls out with it the contact blade. The upper contact is, of 
course, fastened to the iron core of the coil by means of insulating 
material, but is in electrical connection with the upper end of 
the coil. A fiat spring takes up the shock caused by the falling 

out of the switch and thus protects 

the base-plate. 
For higher currents (above 100 

amps.) the same firm employe the 

type of circuit-breaker shown in 

Fig. 143. 
The apparatus consists essentially 

of a simple knife-switch, but the 

hand lever is provided with a weight 

which carries an iron cross-piece. 

This cross-piece rests (in the "in" 
I position of the breaker) on the poles 

of a magnet, which ie fixed above the 
FiQ. 143, contacts and provided with one single 

loop winding on each pole (see 
Fig. 143). The lower contact is furnished with a curiously 
shaped wire spring which takes up the shock when the breaker 
comes out. The switching-out motion of the blades is aided by 
the action of a spring fixed round their axis. 

A minimum cut-out tor alternating current, which was designed 
by Erlacher for the Boc. Ind. des Telephones, is shown in 
Fig. 144. This apparatus is designed so that the ordinary 
constructional parts of a switch may be employed in its 
manufacture,* 

According to Erlacher the losses, and consequently also the 
heating effects, in this switch for 100 amps, are very small, 

' Krlacber " KlekLr. Appaiatc fiir iJUikstrom," pp. 102 — lUS. 
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the copper losses in the coil amouDting to on); 2 watts, the 
hysteresis losses at 50 periods to 1*16 watts, the eddy-current 




Fio. 144. 
losses with laminations of *S mm. thickness to 8*25 watts, thus 
making altogether 6'41 watts. 

To the class of minimum cut-outs belong also those automalie 

K -2 
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switches which are used in two or three-phase installations, and 
which, when the current in any one phase is interrupted, cut off 
the current from the other phases also. Apparatus of this sort are 
particularly useful in motor circuits as a protection for the motor 
when one phase is broken, in consequence of the melting of a 
fuse or the occurrence of defects in the cable, bad contacts, or 
looseness of terminals, etc.; in such cases the motor usually 
stops, and can easily be damaged by the development of too 
great rushes of current in the other phases before the fuses in 
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Fig. 145. 



Fig. 146. 



the latter have had time to melt. An automatic switch of 
this kind (for two-phase motors) is diagrammatically shown in 
Fig. 145.* 

The coils Mi and M^, when excited by the current, pull up 
their iron cores (built up of bundles of laminations), so that the 
three-armed lever hi a h^ remains stationary in its middle 
position. The two switches Ai and A2 strive, under the influence 
of the springs /i and /a, to open themselves ; this, however, is 
prevented by the thin wires ^i and «a, which are fairly tightly 



• Design of Griinwald, Burger & Co., Wien j Austrian patent No. 10877. 
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stretched. If, now, in consequence of a disturbance of any sort 
the coil Ml, for example, loses its current, then the left-hand 
core falls down on hi and turns the angle lever ^i ^ ^2 round so 
far that a comes into contact with ca and the conductor II. thus 
becomes connected through M3, As, the wire «a, ca, a, oi, resist- 
ance w with the common return of both phases. By means 
of the resistance w the current thus arising is adjusted in such a 
way that the wire 82 melts and sets free the switch Aa, which 










Fig. 147. 



Fig. 148. 



then opens itself under the influence of the spring /a ; in this 
way the second phase also is cut out. 

In Fig. 146 the connections for a three-phase motor are given, 
and in Fig. 147 those for a two-phase motor with separate 
phases. 

As a matter of fact, by replacing the three-armed lever hi a h^ 
by two two-armed levers, as indicated in Fig. 148, the circuit- 
breaker may be made so as to operate on overload also. In this 
case, for example, with too strong a current, the coil Mi would 
pull the core further upwards than under normal conditions, and 
would finally, through the medium of the pin :ri, raise the lever 
hi, so that ax would then be brought into contact with q, and the 
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stretched wire «i would be caused to fuse. At approximately the 
same time the coil Ma would act similarly on the lever Ag. In 
order not to cause immediate break of circuit with quick 
momentary rushes of current the cores would be suitably 
damped in their upward movement. As soon, then, as one 
phase is broken the corresponding core falls down and turns 
both angle -levers together, as in Fig. 145, into the position 
necessary to cause the switching-out of the second phase. 

The arrangement according to Fig. 148 has the further advan- 
tage over Figs. 145 and 146 that interruptions in the neutral lead 
or in the phase III., which cannot be switched out, also cause the 
switching-out of the motor, which is not in the ordinary way the 
case with the connections in Figs. 145 and 146. In any event, 
the current in the leads I. and II. increases under such circum- 
stances very considerably and the motor, especially if running 
with a small load, does not necessarily stop, but may continue 
to run as a single-phase motor with less torque or increased 
current respectively. This increase of current will, however, 
be more likely to cause a break of circuit with the connections 
shown in Fig. 148 than with those shown in Figs. 145 and 146, 
In the latter cases the apparatus would hardly be likely to act. 



Reverse'Cmrent cut-outs can in general be similarly con- 
structed to maximum cut-outs, except that the release coil has to 
have, besides the main winding, an oppositely acting voltage 
winding, so that, when the current is in the right direction, the 
field entirely or almost entirely disappears, whilst on current 
reversal the effect of the two coils is added and the release is thus 
caused. With excessive overload the release is also effected, 
since in this case the field of the voltage coil is over-compensated 
by the strong main field. 

Reverse-current cut-outs are of particular advantage with 
generators which are used for accumlator charging or with a 
number of generators working in parallel on the network, in 
order to avoid reverse current from the battery or from the net- 
work respectively. 

According to a suggestion of Andrews the reverse-current 
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automatic cut-outs for alternating-current generators can be 
replaced by signal lamps, as is indicated in Fig. 149, the switch- 
ing out of the generator concerned, when current reversal occurs, 
being in this case left to the switchboard attendants. For this 
purpose a transformer with five windings is used ; the windings 
1 and 8 are connected to the bus-bars and have the current 
always passing through them in the same direction. The 
winding 2 is connected in the main circuit of the generator con- 
cerned, whilst the winding 4 runs to a red lamp and the winding 
5 to a green lamp. When the current direction is normal the 





Normal direction ot currtnt 



Current reversal. 



Fig. 149. 



fields 1 and 2 oppose one another so that the coil 4 remains 
without current, whilst the fields 2 and 8 assist one another and 
thus excite a current in the coil 5, which causes the green lamp 
to light up. When current reversal occurs, the green lamp goes 
out and the red lamp lights up in its place. In this way the 
switchboard staff is urgently warned to eliminate as quickly as 
possible the cause of the current reversal or, in case of need (!) 
to switch out the generator which is endangered. Certainly 
greater attention on the part of the staff is here required, but on 
the other hand the automatic switching-out of the generator 
immediately on the occurrence of every transitory current 
reversal is avoided, so that unnecessary interruptions of working 
are obviated. 
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Maximum and reverse-current cut-outs are of particular 
importance in high-tension installations, since they are able to 
render the use of fuses entirely unnecessary and, besides this, are 
capable of a much more extended application and can also fulfill 
conditions \^hich could never be satisfied by fuses. In this case 
the high-tension current acts in general only on a maximum or 
reverse-current relay, which (sometimes in conjunction with a 
time relay) causes the release of the switch at the right time. 
Frequently the maximum and reverse-current relay is not directly 
actuated by the high-tension current, but is operated through 
the medium of current and voltage transformers with low voltage ; 
the release of the switch itself (an oil-switch or sometimes a horn- 
switch) is generally effected by continuous current, which is 
switched in by the relay (maximum, reverse-current or time 
relay). 

The low-tension current can also be employed for the release, 
whereby, however, it must be borne in mind that, when a voltage 
transformer is employed for the release current, then, on the 
occurrence of a short circuit on the high-tension side, the low- 
tension side also becomes deprived of voltage, so that the operation 
of the release may become uncertain. It is therefore necessary 
either to use an independent source of low-tension current or, 
still better, to employ a current transformer. In any case the 
employment of direct current, which is possible without further 
diflSculty in all central and sub-stations provided with converters 
(or motor-generators), is to be preferred. 

Fig. 150 shows the arrangement of the various automatic 
switches in a three-phrase installation with sub-stations and 
three-phase continuous current converters. In the central 
station each three-phase generator G is connected to the bus- 
bars S by means of reverse-current cut-outs R Z provided with 
time relays, whilst maximum-current cut-outs M Z with time 
element are inserted in the three-phase transmission leads 
(feeders for the sub-stations) D F L. In the sub-station reverse- 
current cut-outs R without time relay are employed in the feeders 
coming from the central station whilst behind the high-tension 
bus-bars S, the maximum time-switches M Z lead to the trans- 
formers T. On the low-tension side of the latter are connected 
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the three-phase continuous-current converters D G U, which, on 
the continuous-current side, lead through maximum and reverse- 
current cut-outs M R to the continuous-current bus-bars Sa ; the 
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continuous-current feeders going off from here are protected by 
maximum-current cut-outs M. 

In Fig. 151 a high-tension maximum-current relay made by 
the Voigt & Haeflfner, A.-G. is illustrated. The maximum coil, 
which is connected either directly or through the medium of a 
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current transformer in the high-teneion circuit is fixed on a 
grooved porcelain insulator. When the current oversteps the 
filed masimam value, this maximum coil attracts the armature, 
which then, by the aid of an ebonite pull-rod closes the circuit for 
releasing the switch. Regulation is effected by means of a stud, 
the adjustment of which can be read on a scale. 

The releasing device, which is operated by continuous current 
is attached in Figs. 152 and 153 directly to an oil-switch, and in 
Pig. 154 to the system of levers for an oil-switch (or horn-switch). 
The mode of operation of this release-device can be seen from 
Fig. 155. The system of levers leading from the switch-lever h 



Fig. 151. Fio. 152. 

to the switch a is divided into two parts, which are coupled 
together by the aid of the catch k. The spring/ tends mean- 
while to move the piston in the tube (which is split underneath) 
and thus to open the switch a. The tube is rigidly attached to 
the electro -magnet m and is mounted up with the system of 
levers. As soon as the maximum-current relay closes the con- 
tinuous-current circuit at c, or as soon as the press-button d 
(placed on the switchboard or in any other desired position) is 
pressed, then the release magnet m pulls its iron core rapidly 
upwards and in this way releases the catch k, so that the spring 
/" can effect the opening of the switch. The cuiTent is led up to 
the magnet vi by means of a fiexible cable. 
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If it be desired to switch in again, then the hand-lever h must 
first be brought into the out-position, whereby the catch k is 
caused to engage once more, and then only can the switch a be 
caused to move with the hand-lever h into the in-position. If, 
however, the overload or short circuit has not yet been removed, 
then the switch is immediately thrown out again, that is to say, it 
is impossible to close the switch permanently on overload. 

A more recent design, which is termed a locking release, is 
shown in Fig. 156. 

In another design the release-device is made as in Fig. 167 



(Yoigt & Haeffner, A.-G. ; similar designs have also been made 
by other firms) in which the release magnet and the press-bullon 
for hand-release are readily reeognisiible. Designs of this kind 
are also termed switches with free handle. 

The object of time relays, which are usually combined with 
maximum relays, is to permit the release of the switch to take 
place only when the overload has lasted for a certain time, since 
overloads of quite short duration are usually harmless. In Ihis 
case the maximum relay is made to act first on the time-relay, 
which latter then commences its operation and, after a longer or 
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Bhorter period of time, according to the adjustment, closes 
a new path for the current, in which the release-magnet of the 
switch is placed. 
Time relays operated by continuous current generally have the 
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Pig. 157. 



fundamental form shown in Fig. 158, to which, however, a suit- 
able retarding device must be added. The angle piece B con- 
structed of flat iron rod carries the coil S, into the interior of 
which the iron core E held iu the thin-walled brass tube B is 
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BQcked. The copper disc K, which moves with a small amount of 
free play, thus becomee pressed against the carbon contacts 
El E3 and so closes the circuit of the release-magnet. In order, 
now, to retard the upward motion of the rod, the little guide-rod t 
at the top may be allowed to act on a train of wheels (the simplest 
way of doing this is by the use of a worm drive), which is pro- 
vided with a wind-vane brake (time relay made by the Voigt & 
Haefher, A.-G.) or is governed as regards its speed by a pendulum 
(Siemens Schuckert Werke) or a centrifugal brake or the like. 
Naturally a ratchet-wheel and click (pawl) must be provided, in 
order to ensure that only | 

the upward motion of the 
rod is retarded whilst the 
downward sinking motion 
takes place rapidly and ^ 

without damping. The 
attempt has also been 
made to obtain the neces- 
sary damping effect by 
the movement of a hollow 
cylinder provided with 
suitable holes in a vessel 
of oil. In place of the 

copper disc K and the u iss 

carbon contacts Ki Kg 

brush contacts or the like may of course also be employed. 
Frequently also the upper end of the movable core and 
the corresponding small fixed core-piece are made with 
conical end surfaces in order to obtain a more powerful pulling 
effect. 

Maximum-current relays have also been designed, which are 
directly furnished with a time element and are inserted in the 
alternating-current circuit (high tension) either directly or, better, 
through the medium of a current transformer. In general these 
maximum-current time relays are essentially small alternating- 
current induction motors, in which the motion is caused either by 
a rotatory magnetic field or by screen effects. A typical construc- 
tion of this latter kind is the maximum-current time relay of 
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Brown, Boveri & Co., (Baden, Schweiz), which is illustrated 
diagrammatically in Fig. 159. On a frame E of suitable form a 

horse-shoe electro-magnet built of 
laminations and excited by a coil 
m is fastened. This magnet has a 
portion of its poles covered up by 
copper plates K in such a way that 
a part of the alternating magnetic 
field is screened off. Between the 
poles an aluminium disc A turns 
about an axis running in the bear- 
ings L and carrying a little pulley 
r, to which latter a silk thread s, 
which can be loaded with weights 
G, is fastened. A permanent brake- 
magnet B on a support t is further employed in a similar way 
to the method used in electricity meters. When the current 




Fig. 159. 




3 4 J 

Fig. 160. 



S ^ 



flowing in the coil ?n is sufficiently strong, then the disc com- 
mences to turn in a clockwise direction and thus winds up the 
silk thread until finally the weight strikes on a contact spring/ 
and presses the latter up against the fixed contact spring o, thus 
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closing the continuous current circuit which releases the high- 
tension switch. The longer the silk thread is made the later 
does the closure of the circuit at / c occur, and the heavier the 
weight G is made, the stronger will be the current in the coil m 
required for release, so that in this way not only the adjustment 
for time but also the regulation for the desired maximum current 
can be easily effected. 
The normal type has a %t^wuu. 
winding on the coil m 
for about 1 amp. and is 
placed in circuit through 
the medium of a current 
transformer, so that the 
relay is kept entirely 
away from the high- 
tension current. For 
polyphase installations 
two or three relays of 
this kind are arranged 
side by side and their 
continuous current con- 
tacts /c are connected in 
parallel. 

In general eight weights 
can be put on, the current C necessary for release varying in 
accordance with the curve (Fig. 160*). If n represent the 
number of weights used, then the following equation is 
approximately correct : — 

C^ + CiC + C2 + ca n = . . . (64) 
where ci, ^2, and c^ are constants, which are dependent upon the 
details of design. (The curve is, as a matter of fact, approxinlately 
a straight line). 

With a heavy overload the time relays must act more quickly 
than with a small overload ; for example, Niethammert gives the 
values, which are plotted in Fig. 161, curve II., whilst the 
maximum-current relay of Brown, Boveri & Co. acts* in 

• Helios, " Export-Zeitechr. fur Elektrotechnik," No. 9, 1907. 
t Nicthammer, '^ BcrecbnuDg und Eutwurf el. Masch., Appar. und Anlagcii," 
Vol. III., p. 224. 
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accordance with the curve I. in Fig. 161. These curves 

are expressed with sufficient exactitude by the following 
equation : — 

t(x - a) = b . . . . (65) 



(66) 



C = overload current, 

Crmni = HOrmal working current, 

( = time of switching out in seconds, 

a and b are constants. 
For curve I, a = 14 and b = 207. 

The method of employing maximum-current time relays (for 
instance, in the Brown, Boveri & Co. system) in a three-phase high- 



ii=iN' 



tension installation is shown in Fig. 162, the release being here 
effected by continuous current. For alternating current release the 
connections shown in Fig. 163 are employed, in which case it must 
be particularly emphasised that the release magnet is to be 
excited through the medium of current transformers, since, when 
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voltage transformers are used for this purpose, the voltage trans- 
former fails to act in the event of short circuit and so yields no ' 
current for the release coil. 

In Fig. 164 the syBtem of connections for the maximum-current 
time release of the firm Voigt & HaefEner, A.-G. is shown. The 
high-tension oil-switch is provided with a release apparatus A 
consisting of a catch device (lock), which is released by the 
armature of the coil 8 — 9 when this former is attracted. Id two 



Pio. 163. 

of the three-phase leads high-tension maximum-current relaysM R 
are inserted, which, when overload occurs, close the circuit of the 
coil 1 — 2 of the time relay Z (with air-vane governor) at the points 
S — 4 or 5 — 6. Only when the relay remains for a sufficiently long 
time under current does the circuit for the release coil 8 — 9 
become closed at 1 — 7 and the switch thus become opened. 

In high-tension switches with automatic minimum release the 
act of switching-in raises a weight which is then held in its raised 
position by means of a voltage coil, excited either from a special 
voltage transformer or from the low-tension network behind the 
switch. On the disappearance of the voltage (for instance. 
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as a consequence of the switching'Out of the feeder cohcerned 
at the central Btation), the coil sets free the weight, which 
therefore falls down and in doing so trips the high-tension 
switch. This minimum-current release can be rendered more 
complete by the addition of a maximum-current release, two 

11 





Fig. 164. Fio. 1G3.\. 

maximum-current relays being in this case inserted in the high- 
tension leads, each of which relays normally holds a contact 
closed, through which the current flows in series to the aliove- 
mentioned minimum coil. When the permissible current 
maximum is exceeded, then the one or the other maximum relay 
(or, perhaps, both at once) interrupts tlie circuit of the minimum 
release coil, thus causing the weight to descend and strike out 
the high-tension switch. 
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More important still than the minimum-current release is the 
reverse-current release, or the combined reverse-current and 
maximum-current release (overload and reverse-current release). 
The most important part of these apparatus is the reverse-current 
relay, which must not operate the release so long as the current 




Fig. 166. 

is in the normal direction, but on current reversal has to switch 
in the release magnet either immediately or else in combination 
with a time relay after a certain time. 

The reverse-current relay of the firm Voigt & Haeffner, A.-G. 
consists essentially of three coils, I., 11. , III. (Figs. 165 and 165a), 
of which I. and II. are connected in series whilst the coil III. 

L 2 
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magnetises a light rotatory loop of iron, which, when the current 
is flowing in the normal direction, is held in position by the coil I. 
The coil III. is excited constantly in the same sense by means of 
a voltage transformer, whilst the coils I. and II. are connected 
through the medium of a current transformer in the circuit to be 
protected (generator circuit). If, now, the current should become 
reversed, then the loop of iron is thrown from I. to 11. , thus 
closing the contact C D, so that the release magnet receives 
current and opens the switch. 
In Fig. 166 the corresponding system of connections for a 

reverse - current and maximum- 
current time release is shown. 
S f is a current transformer, S ^ a 
voltage transformer, M E are the 

/^ / Mff'k maximum current relays, which 

I A ^^/\ are connected in two phases, and 

/ r ^,.Jl\ \ I which, in combination with the 

time relay Z, e£fect the release on 
overload. E is the reverse current 
relay with the three coils I., II., 
III., and the contact 10 (in series 
with which a resistance w has 
sometimes to be connected), is 
the high-tension oil-switch, and A 
its release magnet; finally, S V 
is a signal contact device, which 
causes a signal lamp M L to light up as soon as the switch has 
been opened. 

The reverse-current relay of Brown, Boveri & Co. (Fig. 167), 
is similarly constructed to the maximum-current time relay of the 
same firm (Fig. 159) ; it has, however, two coils, 7?ii and 7;ia, of 
which mi is excited from a voltage transformer and m^ from a 
current transformer. The pole cores are not provided with 
screening plates, since a rotating field efifect is already produced 
by the phase-displacement of the two exciting currents of the 
coils 7/ii and m^^. This rotating field tends to turn the aluminium 
disc A, similarly to the short-circuited armature of a rotating 
field induction motor. When the current direction is normal the 




Fig. 167. 
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rotation cauBed by the current is in the same aense as the action 
of the weight G, an excessive rotation being meanwhile prevented 
by a pin i in the disc A, which rests on the fixed contact spring c. 
When reversal of current occurs, then, since the direction of the 
current in the coil m^ changes, the disc rotates in a clockwise 
direction through nearly 860degs., until the point i catches the 



contact spring/and presses it up against c, so that the release 
magnet receives current in the usual way and opens the switch. 
The system of connections is shown in I'ig. 168, and is 
worthy of notice in so far as the three reverse-current relays 
used on the voltage side are connected up through the medium 
of two voltage transformers only, similarly to the way in 
which correct results may be obtained in the measurement of 
power in three-phase circuits by the use of two wattmeters only. 
In general, precisely similar connections are used for reverse- 
current relays as for wattmeter measurements. 
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On similar principles are constructed the reverse-current and 
maximum-carrent relays respectively of the A.E.-G., Berlin, 
Siemens-Schuckert Werke, General Electric Co., and others 
[cf. E. T. Z., 1903, Gerhardt (Union E.-G.) ; D. R. P., 159 026 
(A.E.-G.); D.R.P., 159 167 (Siemens &. Halske); "Zeitschr. fur 
Elektr. und Maschinenbau," Potsdam, 1906, pp. SSS, 865,381, 
391, J. Schmidt]. 

Remote Control Switches. 

Most of the release devices for switches can also be adapted 
without any particular difficulty for remote control switches, as 






1^ 



Fig. 169. 



Fig. 170. 



is indicated, for example, in Figs. 169 and 170, which show an 
arrangement used by Siemens & Halske." The release coil is 
wound for about 30 volts with continuous current and for about 
110 volts with alternating current. The opening of the switch 
is effected by the aid of the press-buttons, Di, Da, which can, if 
necessary, be provided with an appropriate key-catch, this latter 
being only capable of removal after the opening of the key case, so 
that afterwards the place from which the switch was operated can 
readily be ascertained. As the coils have only to be designed for 
momentary loads (since the main switch cuts out with itself the 
current in the switch coils), therefore the current in the coils can, 
• From Hcloke, '■ Handbuch tier Elektc.," Vol. VI/I., p. 228. 
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Fig. 171. 



as is proved by experience, be made about 10 to 15 times as 
high as in the case of a permanently closed circuit. When the 
current flows continuously the coils must in the first place be 
calculated with regard to heating. 

The object of true remote control switches is to render possible 
the opening and closing of a circuit from a remote point through 
the agency of an automatic switch which is actuated on the opera- 
tion of a small auxiliary ^ ^ 
switch and thus opens 
and closes the circuit. 

According to Fr. Lin- 
denstruth and 0. For- 
ster,* remote control 
switches may be divided 
into 

1. Remote control 
switches with current 
permanently flowing. 

2. Eemote control 
switches with magnetic 
catches. 

8. Remote control 
switches with mechani- 
cal catches. 

The design of remote 
control switches can be 
carried out essentially in 
accordance with Fig. 158, 
at least as concerns types 1 and 2. Mechanically-held remote 
control switdies (type 3) are usually constructed in a somewhat 
different way. 

The system of connections shown in Fig. 171, although the 
simplest, has the drawback that the coil takes up a considerable 
current and at the same time, in view of its being constantly in 
circuit, assumes fairly large dimensions, if the heating effects 
are to be kept within permissible limits. The system of con- 
nections shown in Fig. 172 is more favourable, since here the 

♦ E. T. Z., 1904, p. 645. 




Fig. 172. 
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first attraction of the iron core takes place with the full current 
strength, whereas the retention of the core is effected with 
reduced current strength, in consequence of the fact that after 
the lifting the short-circuit through 1 — 2 of the resistance W is 

removed. 

Fig. 173 shows a mag- 
netically - locked distant 
switch. If the auxiliary 
switch is placed on e 
(" in "-position) then the 
current flows from the + 
pole through the lamps, 
through the upper fixed 
electro - magnet (with 
series winding) and then 
through the lower move- 
able electro-magnet (with 
voltage winding) in the direction shown by the arrow <?, in 
consequence of which such poles are formed that the two 
electro-magnets attract one another. Thence the current passes 
on through the auxiliary lead and a test lamp to the auxiliary 
switch and back to the 




Fig. 173. 



\\ K \\ 




Test — ^ 
lamp 




negative pole. The 
switch A is therefore 
lifted and hence the 
lower winding and the 
test lamp become free 
of voltage, whilst the 
switch remains in the 
** in "-position in con- 
sequence of the action 
of the upper coil. 

If, later on, the auxiliary switch be placed on a (out-position), 
then the current flows from the + pole through a, through the 
test lamp and through the auxiliary lead to the lower coil, 
through which latter it passes in the direction a, and thence goes 
through the closed automatic switch back to the negative pole. 
The loNver coil is therefore now excited in the reverse direction, so 
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thafc the two electro-magnets repel one another and the switch 
comes out. Another equally good arrangement with one core 
only is illustrated in Fig. 174. 

In the remote control switch made by the Siemens-Schuckert 
Werke, which belongs to the class of mechanically-locked remote 
control switches, the first current impulse is used to close the 
circuit of the network by the aid of an electro-magnet, whilst the 
second current impulse opens the circuit again, the third closes 
it once more and so on. For this purpose the automatic switch 
is provided with an intermediary member, which automatically 
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Fig. 175. 



Fig. 176. 



glides alternately from one working position into the other as 
soon as the work of the electro-magnet has been completed in 
the desired sense, so that the switch is thus already set for the 
correct operation of the next current impulse. In Fig. 175 the 
connections for a two-wire system are shown, and in Fig. 176 
those for a three-wire system. 

In Fig. 177 a cut-in and cut-out device is shown, which 
belongs in principle to the class of mechanically-locked remote 
control switches and which can be employed for the switching-in 
and out of any desired circuits, such as, for example, even those 
of high-tension switches. As an auxiliary current either con- 
tinuous current or low-tension alternating current can be used 
(leads Li, La). In Fig. 177 a maximum-current relay is also 
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shown, which has to release the switch A automatically when 
overload occurs. If the auxiliary switch c be put on e ("in"- 
position), then the current flows from Li through c, e, 1, 2, the 
switching-in magnet M and back to L2 and the switch A there- 
fore becomes closed, H engaging meanwhile with the catch /(. 
Just before the end position of the lever H is reached, the con- 
nection between 1 and 2 is broken (thus depriving M of current) 
and that between 8 and 4 is established. In spite of the break 
between 1 and 2 the switch A will, however, still reach the end 
position, since the kinetic energy is great enough to ensure this. 
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Fig. 177. 



If, now, whilst the auxiliary switch is still at e, the current 
increases above the maximum, then 5 becomes connected with 6 
by the maximum relay and hence Li becomes connected with L2 
through c, e, 5, 6 and the release magnet m. In consequence of 
this the catch h is tripped and the switch A opened again. 
Certainly, if c remains at e, then the switch is thrown in again 
immediately, but it is then thrown out again at once by the 
maximum relay and thus swings to and fro like a pendulum 
as long as the overload remains existent. If, however, the 
auxiliary switch be put on a, then if A be still in the " in "- 
position and 3 thus connected with 4, the path for the current 
is closed through Li, c, a, 4, 3, 7/1, La and therefore the catch h is 
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released, so that the switch A falls out ; ia this case, however, 
it remains out, since M can only receive current when c rests 
on €,* 

From the remote control switches just described it is but a 
step to the automatic transformer switch,! which serves the 
purpose of switching out unloaded transformers on the high- 
tension side so as to eliminate the no-load iron losses and thus 
improve the yearly efficiency. 

That this task is not a thankless one can be seen at once from 
a rough calculation. If we assume that the transformer be a 
20 kw. one, the no-load losses (hysteresis and eddy-current losses) 
of which amount to only 2 per cent, (i.e., 20 X '02 = '4 kw. = 
400 watts) and that it be on load for 10 hours per day and 
unloaded for 14 hours (as may easily be the case with motors 
employed in a factory), then the transformer has a daily no-load 
loss of '4 X 14 = 5*6 kw.-hours during the intervals between 
working hours. In a year this amounts to 865 X 5*6 = 2044 kw.- 
hours, without even counting Sundays and holidays. If now we 
reckon on to this 70 Sundays and holidays, on which the 10 
working hours disappear and thus increase the no-load losses by 
exactly this number of hours, then we have to add on 70 X 10 X 
•4 kw.-hours = 280 kw.-hours, which gives a total of 2044 + 280 
= 2824 kw.-hours no-load losses in one year. If we take only 2\d, 
per unit as the price of current, then we have for one year the 
very considerable amount of 2824 X 2j^d. = £24 48. 2ti., which 
is added to the station costs. If now, the price of an automatic 
transformer switch be taken as i>50 (which is certainly too high 
a figure), then the cost of such an apparatus is practically covered 
in two years, so that the central station, even under the 
unfavourable assumptions made, very soon begins to make 
a definite positive saving. 

A transformer switch of this kind is shown in Fig. 178 for 
a single-phase system and in Fig. 179 for a three-phase 
installation. In installations in which the transformers 



♦ Cf. " Elektrotechnische Zeitschrift," 1904, p. 647. 

t System Scholtes, Sicmens-Schuckert Werke ; ** Elektrotechnische Zeitschrift," 
1901, p. 361 ; "Elektr. Zeitschr.," 1902, pp. 47, 99, 230, 285, 513 540; D. R. P., 
114, 303. 
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never run on no-load, switches of this sort can naturally 
not be used without further consideration ; nevertheless it is 
quite feasible in such cases to switch off automatically one or the 
other of a number of transformers working in parallel when the 
load is low, and then switch it on to the system again when the 
load increases. 

In Fig. 178 the automatic switch is shown in the out position, 
in which the switch is held by a catch ft. When the low-tension 

switch A is closed, then the 

^^ current from the auxiliary 

battery B (dry cells or accu- 
mutators) flows through ^ 
a y to the release magnet e 
and thence through the con- 
tact /c back to the battery; 
the armature a is attracted, 
the catch )i released and the 
high-tension switch H A 
falls into the " in "-position, 
so that the transformer T 
is placed under voltage and 
can yield current on the 
low-voltage side, the con- 
tact / c being meanwhile 
broken. If, now, at the end 
of the run of the motor M 
or the group of lamps L, it 
be desired to switch out again, then the switch A is opened once 
more and the auxiliary contact K thus closed. Current now 
flows from the low-tension winding N of the transformer along 
the following path : N, 6, K, ^2, electro -magnet E, ti, y, N (&i 
and &2 are fuses for the protection of the electro-magnet E). The 
coil E now draws the iron core K forcibly upwards, and the tube 
E, which closely embraces the core K and acts as a dash pot, 
being carried upwards with it, opens the high-tension switch 
H A through the medium of the rod «. The automatic switch 
thus engages once more with the catch )i and the contact / c is 
closed again. The coils E and c are only momentarily under 




Fig. 178. 
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load, and the former is protected against the possibility of acci- 
dental burning out by the fuses bi h^* 

Of late years the high-tension switches in large installations 
have frequently been provided with remote control devices, which 
perform the operations of switching in and out entirely auto- 
matically, so that, when these are used, the work of the switch- 
board staff is restricted to the operation of press-buttons for 
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Fig. 179. 

"in" and "out" respectively, whilst the whole switching move- 
ments themselves are carried out automatically. Arrangements 
of this kind can further always be easily combined with maximum 
or reverse-current relays, or even with time relays, as can be 
seen, for instance, in Figs. 180 and 180a, from an arrangement 
of the firm Voigt & Haeffner, A.-G.t In the figure is the 



♦ Cf. also Schmidt, " Elektrotcchnische Zeitschrift," 1904, p. 803. 
t " Elektrotechnische Zeitschrift," 1905, p. 446. Vogelsang. 
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oil-switch, n h a mechanical locking device or a double-acting 
tripping device for the oil-switch operating mechanism, E the 
switching-in coil, A the switching-out coil of the oil-switch, 
M Bi and M Ba are maximum-current relays, Z a time relay, 
D the two press-buttons for switching the oil-switch in and 
out from the switchboard, Li and L2 two check lamps. 
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Fig. 180. 

which allow the position of the oil-switch at any moment 
to be seen from the switchboard, U a change-over switch in 
circuit with the check lamps Li and L2, by the aid of which 
the particular lamp, which has just lighted up, can be cut out 
again, and finally S E a protecting relay, which renders dis- 
turbances, such as might be caused, for instance, by pressing 
both buttons at once, impossible. The high-tension alternating 
current (three-phase current) is only taken through the oil- 
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awitch and the maximum-current relays (current transformers 
being sometimeB also employed with the latter), whilst all the 
switching circuitB and auxiliary circuits are operated by the aid 
of continuous current. A detailed explanation of Fig. 160 is 
unnecessary, and it will suffice to remark that the act of switching- 
in should always be carried out by the agency of the press- 
button " in," the oil-switch being only provided with a hand-lever 
for use in cases of emergency (breakdowns). The operation of 
Bwitehing-out may be effected either by the use of the press- 
button " out " or else automatically 
by means of th& maximum-current 
time release (M Bi, M Kg, Z). It may 
further be mentioned that all the 
switching coils have only to be 
designed to carry momentary loads. 
Another automatic switch belong- 
ing to the class of distant control 
switches is that which is shown 
diagrammatieally in Fig. 181,* and 
which serves the purpose of effecting 
from the central station changes of 
connections of the test -wires in 
the joint boxes (in the distribution 
system) in order to measure the 
voltage at distant points. The 
arrangement for a continuous-cur- 
rent three-wire system is indicated ^i*'- ^^Oa. 
in Fig. 181, in which the change-over awitch S serves merely 
to permit the use of a single voltmeter for both halves of the 
system, and can hence be omitted if a voltmeter capable of 
deflection towards both aides (i.e., central zero instrument), or a 
hot-wire instrument be employed. Li and La are test lamps, 
which serve to indicate that current is duly passing to the test- 
wire remote control switch m a /i /a and the three-way switch U 
serves when in the position 2 for the measurement of voltage, and 
when in the positions 1 and 8 for connecting the single test-wire 

• Cf. '■ Elektroteehnlftcho Zcitscbrift," 190fi, p. 270 (C. Sclimittuli) ; " Elektro- 
tw.hnisclic Ztitechrift," 190r,, p. 398 (Th, Y. Leibiun). 
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d to the positive or negative lead respectively. It may finally be 
mentioned that a short current impulse suffices to throw the 
magnet m of the remote control switch from one end position 
into the other, and that the magnet then remains stationary in 
the new end position until the arrival of the next current 
impulse. 

A most curious suggestion has been made by W. Multhauf,* 
for the purpose of operating a remote control switch in an 
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Fig. 182. 



alternating or continuous current circuit without the necessity of 
employing a special auxiliary lead. In connection with this 
method a so-called resonance relay is used, which is made on the 
same principle as the well-known frequency indicator of Kempff- 
Hartmann (made by Hartmann & Braun, A.-G., Frankfurt a.M.). 
As can be seen from Fig. 182, the resonance relay consists 
essentially of an alternating-current electro-magnet M, which 



• " Elcktrotcchnische Zeitschrift," 1906, p. 119. 
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acts on two steel tongues tuned to unequal periodicities — for 
instance, for normal working with 100 changes of polarity per 
second to 98 and 102 vibrations per second respectively— and a 
light pointer Z is further provided, which is almost counter- 
balanced by d, but which is held in the upper or lower end 
position by a little weight g. If, now, the periodicity of the 
alternating current increase momentarily from 50 to 51, or if 
upon the continuous current an alternating current of 51 periods 
(102 changes of polarity) be impressed from an auxiliary source, 
then (as indicated in Fig. 182), the lower steel tongue is set into 
powerful vibration and thus throws the pointer upwards and 
causes it to close the contact c, so that the release magnet vi can 
then trip a suitable catch h. By reducing the periodicity to 49 
(i.e., 98 changes of polarity) the pointer can then be brought back 
to its lower position. 

The good results which have been experienced in the use of 
automatic systems for the switching in and out and the remote 
control of large high-tension switches have given rise to the idea 
of effecting the paralleling of alternating current and three phase 
generators entirely automatically. For correct paralleling the 
following conditions must be fulfilled : — 

(1) The generator which is to be put into circuit must be brought 
to the same voltage (no-load) as that of the bus-bars. 

(2) The periodicity of the current of the generator which is to 
be put into circuit must be exactly the same as that of the line 
current. 

(8) The generator voltage and the line voltage must exactly 
agree in phase. 

When conditions (2) and (8) are fulfilled, then the machine, 
which is to be put into circuit, is in synchronism with the line, 
which circumstance is generally recognised by the lighting up of 
the phase lamps for an extended period, or by the fact that the 
pointer of the phase indicator (synchronism indicator) remains 
stationary for a long time. The switchboard staff must take 
advantage of this moment to effect the paralleling. The danger 
is, however, not entirely excluded that the right moment may be 
missed, or that the attendants do not wait carefully enough for 

8. M 
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the proper instant, so that errors in switching may be made, the 
results of which are often most serious. A correctly designed 
automatic paralleling device would not allow of such dangerous 
occurrences, since a self-acting switch is entirely independent of 




the chance incidents which may influence human action and 
thought. 

The paralleling device made by the firm of Voigt & Haeffner, 
A.-G.,* is built up of several automatically operating switch 

* Cf. •» Elektrotechnische Zeitschrift," 1906, p. 446 (Vogelsang). 
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apparatus and consists, as can be seen from Figs. 183 and 183a, 
ot the following principal parts: — 

The oil-switch ia operated similarly to Fig. 180 by means of 
a switching-in magnet E, and a release coil A, the two press 
buttons T> for " in " and " out " being arranged in the usual way 
on the switchboard, and serving for the opening and closing of the 
oil-switch by the switchboard attendant. The transformer In is 
excited by the generator, which is to be put into circuit, whilst 
the transformer Ti is connected to the line ; both transformers 
govern the phase lamp P L and thus also the 
phase relay P E, which only closes the con- 
tact c, when the phase lamp P L lights up. As 
long, therefore, as the periodicities do not 
agree, the relay P R swings to and fro in 
correspondence with the difference ot the two 
periodicities, just as, at the same time, the 
phase lamp P L periodically slowly lights up 
and becomes extinguished again. The low- 
tension sides of the two transformers Ti and Ta 
act upon the two coils Si and g^ of the differential 
relay D B, which are so wound that the 
voltage at the coil aa must be equal to or some- 
what greater than that at the coil Si, in order 
that the contact lever may stand in the middle 
and touch neither contact 11 nor contact IS. 
If the voltage of the machine which is to be put 
into circuit be too high, then the coil sa pulls ^*^' 

more strongly, so that contact 11 is switched in and the lamp La 
(which may, for example, be red) lights up ; if, however, the line 
voltage be still in excess, then the coil si acts more powerfully and 
switches in the lamp Li (which may be a green one). By the 
lighting up o! the signal lamps Li and La it can therefore be seen 
that the voltage of the generator, which is to be switched in, has 
not yet been correctly regulated, and hence the exciting current 
of the machine must be altered until both the lamps Li and La 
remam dark permanently. It may be mentioned that the lamps 
Li and La receive current from the continuous-current bus-bars 
through 1, 2, 3, 4, 5, 8, 9, 10. The current, which causes the 

ji 2 
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lamps Li or Lq to light up, is also brought through the voltage 
relay Sp K, which latter therefore only remains in its position of 
rest when neither Li nor L2 is burning, that is to say, when the 
voltage has reached the correct value. In the position of rest 
the voltage relay 8p K closes the contact ca which leads to 
the negative pole of the continuous-current bus-bars. Since now 
the operation of switching-in in parallel must only be carried 
out when the phase lamp P L lights up for a long period, t.«., 
when synchronism exists not merely for a moment, but for a 
considerable period of time, therefore the phase relay P B, which 
checks the synchronism, does not act directly on the switching-in 
magnet E of the oil-switch, but merely influences the time 
relay Z B, which only after some considerable time, just accord- 
ing to the time adjustment, closes the contact 15 — 16, and so 
causes the switching-in of the oil-switch. In order, now, to 
ensure the switching-in even if the time relay, just after the train 
of wheels has run out, i.e., just after contacts 15 — 16 have been 
closed, should be switched off again by the phase relay P B because 
in the meantime the synchronism has commenced to disappear, 
that is to say, if the time relay does not keep the contact 15 — 16 
closed for a long period, but merely closes it momentarily in 
accordance with the working of the phase relay P B, so that the 
switching-in magnet E of the oil-switch just starts to operate, 
but, perhaps, does not switch-in satisfactorily on account of the 
current impulse being too short, then the security relay S B, 
which closes the contact 24 — 25 can be closed as soon as the 
time relay acts — even if only momentarily — and thus makes 
the connection 15 — 16. The said connection 24—25 on the 
security relay then ensures the passage of a current for a 
sufficiently long period through the switching-in magnet of 
the oil-switch. Even if, in such a case, the synchronism is 
caught just at the last moment, still the switching-in in 
parallel is quite possible, and is also quite free from danger, 
since the synchronism has not yet disappeared. Care must, 
however, be taken that the adjustment of the phase relay P B 
be exact. 

For switching the continuous current on to the various relay 
circuits a switching-in relay E B is further emploj^ed, which 
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works in principle like a minimum cut-out, but possesses besides 
the voltage coil n, a main current coil /i«. 

It is, of course, only necessary to provide in a central station 
one single paralleling device for any desired number of generators 
which are to be paralleled, the paralleling device being connected 
in turn to the oil-switches of each of the generators by means of 
a multi-pole switch (similar to a multi-pole voltmeter switch). 
In this arrangement it is only necessary to remember the fact 
that the first generator to be switched in is to be connected on 
to the line by the aid of the press-button " in," whilst for all 
the other generators to be added the automatic paralleling device 
is to be used, during which latter operations it is perhaps 
advisable to lock the press-button ''in" or to cut it out of 
circuit in order to prevent its being used in error. In any event, 
however, it is necessary to make it possible in case of urgent 
need (say, after the removal of a lead seal) to effect the parallel- 
ing by means of the press button " in " when breakdowns in the 
automatic paralleling device occur. In this case, however, the 
phase lamp P L and the line voltmeter must be carefully observed. 

Finally the individual paths of the current in Fig. 183 may 
be noted : — 

In the first place, if the press-button d of the switching-in 
relay be depressed, then the current flows from the + pole 
through 1 — 2 - ft, - 8 — n, - 3' - 16 - 17 - m into S R — 
18 — 19 — 20 — 21 — E — 22 — 23 — 7 to the negative pole; 
although E is here in circuit, still the oil-switch is not yet thrown 
in, since the coil n,, which is in circuit, has a voltage winding of 
high resistance, so that only a weak current flow?, which cannot 
excite E sufficiently, although it is quite able to hold E R in the 
"in" position. 

If, now, the machine voltage has been regulated to the correct 
value, then the coil m^ of the voltage relay Sp R is free of current 
i.e., the contact xa cq is closed and current flows as follows : — 
From the + pole through 1 — 2 — A, — 3 — 4 — 5 - white lamp 
Lb — 6 - X2 - C2 — 7 back to the negative pole. When the 
voltage is not right, then the lamp La goes out, and Li or L2 
lights up, in consequence of which ^2 in the voltage relay Sj) R 
becomes excited. 
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If, now, the phase relay P E acts and the contact xi ci becomes 
closed, then the following current path is closed — provided, of 
coarse, that the voltage remains at the right value so that the 
contact X2 C2 in Sp R also remains closed : — From the + pole 
through 1 — 2 — h^ — 3 — 4 — coil M in the time relay Z R — 
14 — ci — xi — 6 — X2 — C2 — 7 and back to the negative pole. The 
time relay therefore comes into operation and connects 15 — 16, 
provided that the synchronism has lasted suflBciently long with 
the voltage at the correct value all the time. Current now flows 
along the following path : — From the + pole through 1 — 2 — hg 
--3-4 — 15-16 — 17 -m- 18 — 19 — 20— 21 — E -22 
— 23 — 7 and back to the negative pole. Since, in consequence 
of this, the voltage coil 7?, in the switching-in relay E R is 
short-circuited, therefore the electro-magnet E of the oil-switch 
receives a powerful current, which effects its closure. At the 
same time, however, this whole switching-in current acts power- 
fully also in the winding hg in E R and keeps the core attracted, 
although 7ig has gone out of operation. Besides this the coil m 
in the security relay S R becomes powerfully excited and closes 
the contact 24 — 25, which is connected in parallel with the 
contacts 15 — 16 in the time relay, so that the switching-in 
magnet E is excited with certainty, even when the time relay closes 
the contact 16 — 16 only just for a moment and then falls down 
again, in consequence, perhaps, of the non-existence of syn- 
chronism any longer. 

As soon, now, as the oil-switch is in, the double catch h can 
fall in under the cam n, so that the core of the switching-out 
magnet becomes free and can fall down, in consequence of which 
the current between 19 — 20 is interrupted and E, as also m in 
S R and finally //, in E R, becomes free of current, upon which 
the cores in S R and in E R fall back into the position of rest. 
The switching-in magnet E has, however, besides this, prepared 
the path for the current for the release coil A at 23 — 29. 

If, now, it be desired to switch out the oil-switch once more, 
then either the press button D for " out '' must be pressed, or else 
by means of a maximum or reverse-current relay a connection 
must be established, in such a way that the following circuit is 
closed ; — From the + pole through 26 — press button D for "out " 
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— 27 - A— 28 - 29 - 23 — 7 and back to the negative pole. 
The core of the switching-out magnet A in springing up knocks 
out the catch h n, so that the oil-switch comes into its " out " 
position. 

In Fig. 184 the principle of another paralleling device is 
shown, which was devised by Dr. G. Benischke (A.E.-Q,, Berlin*), 



?i 
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and which consists of the "synchroniser" S with the two wind- 
ings a and b connected in two phases (though three windings, 
one for each phase, can also be used). The armature H of the 
synchroniser closes the contact K, so that the time relay Z E is 
switched in, which latter then, provided the synchronism last 
sufficiently long, closes the contact c c', in consequence of 
which the switching-in coil mi or vis, 1H3 of the gene- 
rator oil-switch concerned I., II,, III receives current 

and effects the paralleling operation at the correct moment. The 

• Cf. "Elektr. 11. Maschinenbau"!" Zeltsdirift filr ElekUotcchiiik," Wien),lD<H;, 
p. S97, where the tbcor^r of the syucbruiiiscr is also givca. 
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opening of the switch is then effected in the well-known manner 

by the release of the corresponding catch hi, h^, hs 

through the agency of special switching-out magnets. In Fig. 184 
a change-over switch U is also shown, which renders it possible 
to switch over the automatic paralleling device on to generator 
I., II. or III. at desire, and finally a switch A is provided, which 
renders possible the switching-off of the continuous current for 

the switching-in device vh> ^wa, viz In Fig. 184 it is 

assumed that the generator I. be already connected to the line 
whilst generator II. has to be sw^itched-in in parallel to it ; the 
paths of the currents for the excitation of the time relay and the 
switching-in magnet can readily be seen. 
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CHAPTER VIII 

STARTING AND REGULATING RESISTANCES — CONTROLLERS 

A . Theory of Starters. 

If an electromotor intended to work on a constant voltage 
supply were connected direct to the mains without any 
further precautionary measures, then it would take a current 
of such an amount that either the armature of the motor would 
burn out or else the fuses would melt at once, — quite apart 
from the fact that the violent rushes of current thereby 
produced would also react upon the distribution leads in a 
manner which would be by no means permissible. The reason 
for these phenomena lies in the fact that the motor at the 
moment of starting does not develop any back electromotive 
force, since its speed is, as a matter of fact, equal to zero, so that 
in the case of shunt motors only the small armature resistance 
?r, in the case of series motors only the resistance of the armature 
and of the magnet winding w^ + u-^, and in the case of three- 
phase motors only the (apparent !) resistance of the stator xl\ is 
in circuit. The said internal resistance of the motor must, 
however, be kept as small as possible if the efficiency of the 
motor is to be high. 

Modern standard electromotors have efficiencies which, with 
quite negligible differences, attain the same values every- 
where in the whole world, since, in fact, motors with lower 
efficiency values are naturally not to be considered as' satis- 
factory, whilst a considerable increase of the efficiency above the 
normal average value involves a very considerable increase in the 
cost and hence places the motors out of competition. As is well 
known, the efficiency increases first rapidly and then more slowly 
as the power of the motor is increased, and, in fact, not only with 
one and the same motor up to three-quarters of full load, but 
also — which alone is of importance here — with motors of various 
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sizes, if the eflBciency of the motor concerned at normal full 
load be taken into consideration. 

For continuous-cm'rent motors the following approximate 
normal values may be taken * : — 







Table XXI. 






Powftr of 


Efflciency at 


Total 
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Motor. 


Full Load. 
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Armature Copper. 
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H.P. 


1- 

•70 


Kilowatts. 

•58 


Per cent. 


» = 3(l-i|). 
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60 


•90 


1 


•75 


•98 


50 


•75 


2 


•78 


1^89 


4-4 


•66 


8 


•80 


2-76 


40 


•60 


5 


•82 


4^49 


8-6 


•54 


7-5 


•85 


650 


80 


•45 


10 


•87 


8^46 


2^6 


•89 


15 


•88 


1255 


2^4 


•86 


20 


•88 


16-74 


28 


•36 


26 


•89 


20-7 


22 


•88 


80 


•89 


24^8 


2^1 


1 83 


40 


•90 


827 


20 


I •SO 


50 


•90 


40^9 


20 


•80 


65 


•90 


582 


19 


•80 


80 


•91 


647 


1-8 


•27 


100 


•91 


80^0 

1 


1^7 


•24 



* The last column will be mentioned later on. 

In the last column but one (cf. also Fig. 185) the normal mean 
values of the armature copper loss as a percentage of the elec- 
trical power supplied to the motor at full load are given. From 
this the armature resistance, if it be not given, can at least be 
approximately estimated. The resistance of the magnet wind- 
ing, which must also be known for the calculation of starting 
resistances for series motors, varies, of course, according to the 
type of machine or the arrangement of the magnet field wdthin 
fairly wide limits; as a first rough approximation, however, for 
the present purpose about the same value may be taken as for 



Sec Eriacher, " Elektr. Apparate," p. 16:1. 
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the armature resistance. In general, however, the resistances il\ 
and ti'm are known when the starter is to be designed. 

We will restrict ourselves to the calculation of the starting 
resistance for motors with constant field, and it will be assumed 
in the calculations that the motor has to develop a constant 
torque (constant pulling force) even during the starting period, 
independently of whether it runs more slowly or more quickly. 
Those cases may therefore be passed over in which the load 
torque increases with the speed, as, for example, in ventilators, 
centrifugal pumps, and the like. In cases of this kind the 
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Fig. 185. 



division into steps can be carried out more roughly, since here 
the current increases with increasing speed and consequently 
the variations of current are damped. 

The assumption of a constant load torque brings with it the 
condition that the armature current shall remain practically 
constant, as can be recognised at once to be the case with shunt 
motors in consequence of the constant field, and as will be 
rendered comprehensible in the case of series motors by the fact 
that the armature current serves at the same time to excite the 
field, so that the torque (since r„ = C^) assumes the form : — 

D = K C\ f (C,„) = KCaf (Ca) = K /i (C„) . (67) 
and thus becomes a simple function of the armature current. 
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Naturally, however, the masses must also be accelerated during 
the period of starting, and since this acceleration is only attain- 
able by a momentary increase of the torque, and hence also of 
the current, up to a maximum value C^ax> therefore during the 
period of starting current rushes are unavoidable, and we are 
thus only concerned in fixing the magnitude of these latter. The 
greater the variations of current (current rushes or impulses), 
which are allowed, the more forcibly will the armature be acceler- 
ated and the smaller will be the number of steps on the starter, 
thus making the latter cheaper; but, on the other hand, the 
higher overload of current causes not only in the armature (and 
in series motors, in the field as well), but also in the starter, a 
greater heating effect, and, in fact, one which increases in pro- 
portion to the square of the current. This circumstance again 
affects the dimensions of the starter, inasmuch as the cooling 
surface must be made very much larger than in the case of 
small current impulses, and hence in this way again the starter 
becomes bigger and dearer. The conditions mentioned therefore 
lead to partially contradictory results, and hence it is necessary, 
in order to arrive at a satisfactory compromise, to pay due 
attention to the working conditions, which exert a large influence 
on the heating effects. 

A motor which, for example, is started at the commencement 
of work in the morning and runs uninterruptedly until the lunch 
interval, but then during lunch-time stands still and is thus 
enabled to cool down again almost entirely before running once 
more in the afternoon until closing-time (after which, however, 
it can become quite cold again during the night), can naturally — 
since it starts up from the cold condition — be loaded with con- 
siderably higher starting currents than, for instance, a crane 
motor, which is started within very short intervals of time, per- 
haps several hundred times a day. Such a motor as the latter 
remains during the short pauses in the intermittent working 
almost exactly at the upper temperature limit reached when 
running, and it must, therefore, not be further excessively 
heated in the periods o\ starting, which rapidly succeed one 
another. The same considerations naturally also hold good for 
the starting resistance itself. 
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If, therefore, the conditions of working be exactly known, a suit- 
able choice of the current variations can be made. If the startings 
(from the cold condition) be very infrequent, then we can take : — 

Cmaaj = about 2 to about 2'5 C normal' • • (68a) 
whilst with very frequent startings we cannot go much above : — 

Cmax = about 1-2 to about I'S Cnormal • • (68^) 

If, however, the details of the working conditions be not 
known, or if the motors and starters be manufactured as 
standard quantity articles for stock, then, as a rough mean value 

Cma* = about 1-5 Cn^aX • • • (68c) 

can be taken, this being in most cases sufficient. 

We will now take a numerical example of the calculation of the 
size of the starting resistance for a shunt motor and will then 
determine the conditions which govern the choice of the steps. 

A continuous current shunt motor for 10 HP^ (brake horse- 
power) is to be connected to a network with E^ = 220 volts. 
Let the total efficiency t; be 86*5 per cent. (cf. curve I., Fig. 185), 
whilst the loss in the armature copper can be taken as about 
2'7 per cent, of the electrical energy supplied (cf. curve II., 
Fig. 185). If then, the normal current at full load be denoted 
by C, we have 

7i6X HP = ElC V ' . . . (69) 
hence 

(7 = 7MXHP = 39-2 amps. 

The watt loss in the armature copper is about 2*7 per cent, of 
El C, therefore : — 

Ca^ Wa = 0-027 ElC = about 235 watts, 
where Ca=^ C — C^. 

The exciting current Cm can be approximately estimated from 

E * 
the loss in the field CJ^ iVm = -^' In the present case this latter 

can be taken as about 3 per cent, of the total power ; therefore : — 

^ - ^-03 El C, hence ^ = C,^ = ^ -03 C = — 1175 amps., 

235 
consequently C^ = C — C^ = 38*025 amps, and Wa = qq.qqr^ 

= ^ 0-1625 ohms. 
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If, now, the starting current be denoted by C^ (corresponding 
to the speed in revolutions per minute n = o, and the back 
electromotive force Eg^, = o), then we have : — 

Er^ = CoI{ + E,„ + Co u'a . . . (70) 
where R denotes the resistance inserted in circuit (cf. Fig. 186 
for shunt motors and Fig. 187 for series motors). 

If, now, R were equal to 0, then the current on starting would 
rise to the value: — 

Co = El ~ u\ = 220 ~- 0*1625 = to 1353 amps. ! ! 
a value which the motor armature and the distribution system 
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Fig. 187. 

could not under any circumstances stand; in any event the 
fuses would at once blow. 

Taking, now (in accordance with equation 68c), the permis- 
sible starting current as being equal to \\ times the normal 
working current, then we have (approximately) : — 

Co = 1-5 C„ = -- 1-5 C = ^ 59 to 60 amps. 

(In the calculation of Co for shunt motors, C^ can be taken as 
approximately equal to C, as in the case of series motors.) 

From equation (70) we obtain then at starting, i.e. f or n = o 
and Ego = o : — 

R + Wo, = 220 -7- 60 = 3-6667 ohms, 
R = 3-6667 - 01625 = -- 3*5 ohms. 

If, now, the motor is to start under normal load, then the load- 
torque will necessitate an armature current C^ = 38*025 amps. ; 
whilst in the first moment C\ = 60 amps, are supplied to the 
armature. The difference {Co — C^) will therefore yield a torque 
which will accelerate the armature and consequently a con- 
tinuously increasing back electromotive force will be developed, 
which latter will finally reach the value E^^i when the number of 
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revolutions is wi. The value of in is jusfc so high as to allow 
the normal current C^ = 38'025 amps, to flow through the 
armature and thus maintain the stationary stage. Since we 
have assumed that the motor works with a constant field, we thus 
have:— 

Egi 'T-Eg = ni-r'n . . . . (71) 
where Eg is the normal back electromotive force at the normal 
speed 71 revolutions per minute. 

The value of Eg can, however, be calculated as follows : — 

EL=:Eg+ Ca li\ .... (72) 

hence 

Eg = 220 - 6-19 = 213-81 volts, 
and the value of the back electromotive force'i'gi can be deter- 
mined in accordance with equation (70) from 

Ej^^Cali + Eg^ + CaW, . . . (73) 

hence 

Egi = 220 - (88-025 X 3-5)- 6-19 = 80'81 volts, 
consequently we obtain from equation (71) : — 

wi -7- n = Egi -r- Eg = 80-81 ~ 218*81 = 0-378. 

If then, for instance, the normal speed of the motor n be 800 revs, 
per minute, then, as long as the resistance R = 8*5 ohms remains 
in circuit, the motor only reaches the speed iii = 0-878 n = 0*878 
X 800 = 302-4, whilst the current gradually sinks from C^ = 60 
amps, down to Ca = 38-025 amps. 

If now the resistance li were to be short-circuited, then the 
motor would still receive a very considerable rush of current, as 
can be seen from the following calculation, in which equation (70) 
is again employed {R = o) : — 

E,^ = Egi + Co" Wa 
r n - ^^^L - Egi 220- 80-81 ^_ , , 

which again is quite impermissible. 

The whole resistance R must not therefore be switched out all 
at once, but only step by step, if impermissible current rushes 
are to be avoided. It is thus necessary in the first place to fix 
the magnitude of the permissible variations of current. It is 
most favourable and most natural to make the steps such that 
the current-rushes on the passage from one step to the next are 
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all as far as possible equal, so that the current strength during 
the starting period varies between a maximum value C^ox &^d ^ 
minimum value Cjn.in,* The choice of these t^^o limiting current 
values offers no difi&culty, since the upper limit Co has already been 
fixed in the calculation of li, whilst for starting under load the 
current must not sink below C normal- We therefore take : — ■ 



^max — C'o 



= cj- • • • ^^^> 



^'min — ^normal _ 

and, for simplicity's sake, we put Ca = C, which is absolutely 

correct for series motors and very nearly correct for shunt 

motors. Further we put : — 

(J 

From this the number of steps n of the starting resistance and 
the magnitude of the individual steps 7\ r^ Vs . . r„ can be 
easily determined (cf. Figs. 186 and 187). In order to be able 
to make the calculation both for shunt motors and series 
motors (with constant load-torque and normal current) at the 
same time, we call the internal resistance of the motor Wi and 
we then put : — 

for shunt motors . Wi = Wa 

for series motors . iCi = Wa + w, 

If the starter is to have n steps, then it has (n + 1) contacts, 
and besides these an out-contact o for the out-position of the 
switch-arm. 

For each contact two equations can now be formed, of which 
the first corresponds to the upper limiting value Co of the current, 
whilst the second refers to the stationary stage attainable on this 
contact and to the current Ca = C (minimum value). We thus 
have : — 



(76) 



Contact 1 



Contact 2 



Contact 8 



Ei,-E,, = C{R + wd] ' • ^""^ 



Ei,-E,, = C{R + Wi-ri)i 

Ej, -E„,= CAIi + M'.- - n - r»)| 
•El - E„, = C{lt + tc - n - n) J 



{77b) 
(77c) 



• Cf. Gorges, " Elektrotechnische Zeitschrift," 1884, p. 644. 



Contact n 



Contact n + 1- 
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El — Eg (n-l) ^CoiR+Wi — ri— 72 — 

' ra — . . . — r„-i)- 

' J^L - -Eon = Co (fl + w, - n - ra — ' 

rs — . . . r^i — r„) = C^ w^ 



Er^^Eg.n.D^CiR + Wi'^ri - r^ - ' ^'^'^'^ 



^'8 - . . . U-i -rn)= C Wi. 
where Egi^.D is simply the normal back electromotive force 
Eg at the normal speed n. 

From equation (77a) jRcan be calculated, whilst equations (77a) 
and (77&) taken together give the following relationship : — 

C{R + tt'i) = Co{R+ Wi - n). 
Now the first step n of the resistance 22 lies between the two 
contacts 1 and 2 and hence we obtain from equations (75) 
(776),(77c):— 

R + Wi=: x(R + ti'i — n) . . . (78) 

R + u\ — n = ar (U + tVi •- n — r2) . . (79) 
therefore 

^JB_+Jf\^_ R + ^Vj — Ti 

R + tVi — n "^ R + iVi — Ti — 7-2' 
and consequently 

n _ R + Wj .r.r.. 

By equation (78) however this is equal to : — 

g = X=|. . . . .(81) 

In a similar way we can calculate the ratio (r2 : rg) and we thus 
obtain (for the contacts 3 and 4) : — 

R + u\ — Vi — ^2 = a; {R + ?(•< — n — r2 — Vs) . (82) 
If, for simplicity, we set 

H + Wi- ri = pi . . . . (88) 
then, from equations (79) and (82) we have : — 

Pi=: X (pi — ra) 
Pi — r2 = X (pi — r2 — n) 

Pi — ra ra R + u\ — n — r2 
hence, by equation (79) : — 

f;=^=C • • • • ^S6) 

S. N 
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From equations (81) and (85) it follows therefore that the ratio of 
two consecutive resistance steps is constant, i.e., that the resist- 
ance It is to be divided into steps which form a geometrical pro- 
gression, so that : — 

R = ri + r2 + rs + . . + r„.i + r„ . . (86) 

Since x is greater than 1, therefore the last resistance step r , 

which comes immediately before the resistance Wi, is the smallest 

term of the progression. It is determined from equations (77e) 

and (77/*) :— 

r„ = wi (X — 1) . . (88) 

We can now write : — 

^'n-2 ^^ *^ ^»-l = ^ ^» 
^n-3 = 3; r,|_2 ^ ^ ^»> 



7-2 = X ra = x"^-^ i\y 



hence we have : — 

li = n -f ra + ra + . . + r^^z + ^n-i + ^n = 

(x""' + x""-^ + a;~-3 + . . + a;2 + a; + l)^n • (89) 

The sum « of a geometrical progression of n terms, of which 

the first is a and the last is a j*"^ the ratio being q^ is, however, 

8 = a^ . . . . (90) 

^ — 1 ^ 

In the present case «=t • • a =^ 1 . . (?=^; con- 
sequently we have : — 



n 



72^ _ a;»* - 1 



rn ^-1 

By equation (88) we obtain from this : — 

R = Wi(x- -1) . . (91) 

nlog X = log ^ ^ ^' . . (92) 

From this the number of steps n and the number of contacts 
n + 1 can be calculated. 
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If these results be applied to the numerical example afore- 
mentioned, then we obtain : — 

R = 8-5 ohms, 
x = Co^Ca = 1-6 
u'i = 7Va = 0*1625 ohms 
log a: = log 1-6 = 0*204 
, R + u\ , 3-6625 , ^.^ 

hence, from equation (92) : — 

'' = olsi = ^'^^ = '^ ''^ ®*®P®' 
n + 1 = 8 contacts. 

In consequence of the fact that for 7i the nearest whole number 
above has been taken, the variations of current between Co and C 
are somewhat diminished. The corrected value for z, which may 
be denoted by xi, is obtained from equation (92) : — 

log xi = I log '^^^' = i X 1-353 = ^0193, 

xi = 1*56 (instead of the value 1*6 above or the 
roughly chosen first value x = V5). 
If, now, we retain the original value for R, viz. 3*5 ohms., so 
that the first current rush Co remains 60 amps., then the mini- 
mum current will now be : — 

C^i^ = ^ = -^^- = 38-5 (as against 38'025). 

Xx J. Do 

We calculate the individual steps from equation (88) and obtain 
thus for w = 7, xi = 1*56 : — 

r^ = n = iVi (ri — 1) = 0-1625 X 0*56 = 0*091 ohms, 
re = xi rrj = 1*56 X 0*091 = 0*142 

rg = xi ?-6 = 1-56 X 0*142 = 0*222 

r4 = xi rg = 1*56 X 0*222 = 0*346 

rg = xi n = 1*56 X 0*346 = 0*540 

ra = xi Vq = 1-56 X 0*540 = 0*842 

n = xi /a = 1-56 X 0*842 = 1*314 „ 

From which we have as the total : — 

^"1 + ''2 + . . . + '7 = 3*497 ohms, 
i.e., almost exactly the value R = 3*5 ohms, required. (The slight 
deviation is due to errors in reading the slide rule.) 

N 2 
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Up till now it has been assumed that the maximum permissible 
current C<, may be allowed to flow at once at the first starter 
contact. For small motors this is frequently taken as permissible, 
but for larger motors it is necessary in consideration of the distri- 
bution line to moderate the current rushes on starting by inserting 
one or two preliminary steps in the starter. These latter will be 
used only quite momentarily and can therefore be made of 
considerably smaller dimensions. 

By having a few preliminary steps (usually two or three, rarely 
more) the further advantage is attained that the fully loaded 
armature can be brought gradually up to the starting current 
Co and thus becomes, as it were, " loosened," so that it starts up 

on the first principal step of the 
starter lightly and smoothly. With 
a smaller load the motor will even 
start on the first or second pre- 
liminary step. It is advisable, 
therefore, to calculate the pre- 
liminary steps as a continuation 
of the principal steps according to 
the same geometrical progression. 
If the preliminary steps be denoted by rj Vu . . . . r^, counting 
from contact 1 towards the " off " contact, then we shall accordingly 
take the following values : — 

77 = xri \ 



owmi 




Fig. 188. 



I'ji = XTi 



(93) 



Here }> is the number of preliminary steps and is entirely 
dependent upon the current variations which are permissible in 
the distribution system. There are some systems which are so 
sensitive that current rushes of over 20 to 30 amps, (sometimes 
still less) cannot be allowed. 

If the revolving arm be on the first preliminary contact I 
(cf. Fig. 188) then the resistance connected in the motor circuit, 
= jR + r/ and the current — as long as the motor is fully 
loaded and does not start — will attain the value Cj. On the 
second preliminary contact li + '7 + ^7/ is in circuit and the 
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current has the value Cu, Finally, on the 'p^ preliminary con- 
tact the resistance is li + rj + 7'jj + • • • • + ^V ^^^ ^^® current 
is at its smallest value Cp. There are no generally applicable 
regulations concerning this current (7^; but Erlacher recom- 
mends* that it should be made relatively smaller for big motors 
and gives the following rule : — 

Cp = 8(l-7,)Cnormaf = 2/C^= --2/^, . (94) 

where -q is the eflBciency of the motor, which naturally increases 
with the size of the machine. 

The values for CJC = y are given in Table XXI. (p. 170) and 
are shown graphically for the sake of convenience in Fig. 1 89. 





fo 10 y> 40 so 6o 70 ao 9o fo& UJP. 
Fig. 189. 



For the example calculated above we have then : for 10 H P, 
y = ^^ 0.4 (curve Fig. 189), hence : — 

Cp = yCa = ^ 0-4 X 38-5 = 15*4 amps. 
With X = 1*56 and Vi = 1-314 the first preliminary step is 
therefore : — 

r/ = x ri = 2'05 ohms, 
consequently, 
(7/ = Ex, -T- (r/ + R + Wi) = 220 -^ (2*05 + 8-5 + 0*1625) 
= 38*5 amps. 



* Cf., Erlacher, " Elektrische Apparate," p. 163. 
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The second preliminary step has the value : — 

Tji = X vi = ^ 3*2 ohms, 
hence we have : — 

Cii = El -t- (m + ri + li + u'i) = 24*7 amps. 
Finally we have as third preliminary step : — 

nn = X I'll = 4*99 ohms, 
and thus : — 

Cm = El -r- (//// + Vu + n + R + n\) = 15-88 amps. 
This value is only very slightly greater than the value obtained 
above {Cp = 15*4 amps.) and therefore 3 preliminary steps will 
amply suffice. 

We can now form a clear conception of the variations of 
current during the period of starting, as is shown by Fig. 190, in 




St^s 



Fig. 190. 



which the individual steps are plotted in equal distances and the 
currents are marked in, not only for the main steps, but also for 
the preliminary steps. It must, however, be mentioned that this 
distribution of current only occurs when the arm of the starter 
is not moved on too quickly from contact to contact, since other- 
wise the back E.M.F. cannot rise quickly enough to the proper 
value and consequently cannot lower the current sufficiently, so 
that the normal maximum current C^ can easily be exceeded. 
Certainly the higher current would also increase the torque and 
thus the acceleration and would bring the motor more quickly 
up to speed, so that in this way an automatic equalisation of the 
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current rushes would to a certain extent be effected. In any 
case, however, it is advisable to watch the ammeter on starting, 
and — particularly in the case of starters for large motors — to 
obviate the possibility of switching on too quickly by the adop- 
tion of suitable designs. This condition is fulfilled in the best 
manner by automatically-operating relay starters, as will be 
discussed later. 

It is of interest to note that it is not only the individual steps 
of the starting resistance, which have to be calculated according 
to a geometrical progression, but that the total resistances in 
circuit on the various stops, as also the speeds (in revolutions per 
minute) which are attained on the individual contacts, follow 
the same law. 

If the total resistances in circuit (inclusive of Wi) when the 
lever arm is on the stops 1, 2, 3 . . . (n— 1), n be denoted by p, pi, p2 
• • • P»-i> Pn then we have : — 

p = 22 + Wi 

Pi = -B + ICi — 7-1 

P2 = ii + ICi "- '*i -" ^2 

pg = E + zt'i — 7-1 — rg — rs 

• • ■ 

Pn-l = -B + M'i — n — 7-2 - . . 
P:^ = R-{- Wi — ri — 7-2 - . . 

We can, of course, also write 

p,., = «. H- 7.„j .... (95^) 

Pn = l^i ) 

If we substitute these values in equations (78), (79) and (82), 
then we have : — 

P =xpi\ 

pi = xp2 [ * . . . . (96) 

P2 = XpJ 

whilst from equations (95a) and (88) it follows that : — 

Pn-l = Pn+ '•» = Pn + U\ {-^ " 1) = Pn + Pn (^ — 1) 

Pn-l=^^Pn (96a) 

hence 

p 1= xpi = x^p2 = a^ps =....= jf*prt . . (97) 
From equations (96) and (96a) the law of geometrical progres- 
sion is at once recognisable. 
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From equations (97), (95) and (95a) we have further : — 

p = ii + u'i = x'^pn = a^u'i 

therefore we have, as before : — 

n\ogx = \og^^^-^' . . (cf. 92) 

U'i 

In order to determine the speeds in revolutions per minute 
ni, W2, wa . . . which are attained on the various contacts, we 
use the general voltage equation of the continuous-current 
machine to calculate the back electromotive force of the motor. 
We have thus : — 

^''"eox'i^x^ ' ' ' ^^^^ 

where N is the number of conductors in the armature, Z the 

number of lines of force per pair of poles and a the number of 

pairs of brushes. In the case of a shunt motor and a series 

motor with constant field (constant torque with constant current) 

only n is variable, hence 

Eg^ = Kni .... (99) 
Similarly 

kn = Kn^ \ ' ' ' '^^^""^ 

It is therefore sufiQcient to determine the law according to 

which the back electromotive force increases in order at the 

same time to fix the law of the speed of rotation. According to 

equations (77a) and (95) we have : — 

Cp = Er^^E,, = xCp-E,, 

E,, = Cp(x-l) (100) 

whilst from equations (776) and (95) we obtain : — 

E^ - E,, =Cxpi - Cpi = Cpi (x - 1) . (100a) 
hence 

Egi _. Kill __ ??i ^ C p{x — \) _p 

Eg2 — Egi K 112 — K 111 "" ^2 — 111 '^ cpi {x — 1) "~ /?i 

and thus 

-^4=/=X . . . (cf. 96) . . (101) 

n2 — ni ipi ^ "" ^ ^ 
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In an analogous way we have from equation (77c) : — 

E^ -E,, = Cp2{x-l) . . . (loot) 



hence 



and thus 



•Eg2 - -Egi --- ^2 — ni _ Cpi (x—l) _ pi 
Egs — Eg2 ns — n2 Cp2{x-'l) pa 

112— lll__ 



lis — II2 

hence, by equation (101) 

ni 



= X . . . . (101a) 



= x2 . . . . (lOli) 



lls^ Ha 

Equations (101) and (lOli) show clearly that the increase of 
speed from step to step also follows the law of geometrical pro- 
gression. 

The speed increases now as follows : — 

On contact 1 . . . from o to ni. 

2 . . . y, Til to TZg. 

8 . . . y, Tia to 713. 



9t ft 



99 99 



n . . . ,, n„_i to 7?„. 
(n + 1) . . „ w„ to ??n+i. 
where n^n+l) is the normal speed, which is attained when the 
starter is entirely cut out of circuit. The normal back electro- 
motive force then produced is : — 

Eg = -By(n+i) = El -- C Wi . . . at W(„+i, revs, per minute (102). 
According, however, to the law expressed in equation (1016), 
we must have : — 

ni ^ E,, ^ Ej^-C(R + 7cd 

therefore, since E^ ^^ C x {R -|- u\), we have 

(x -1)(K + wQ ^ (x ~ 1) (R + 2v,) ^ R + 2c, ^ ^ 

)\ Wi (x — 1) u\ ' 

which agrees entirely with the previous results (cf. 92). 

In order to make the mode of operation of the starter quite 
clear, we have finally to determine the shortest time during 
which the starting lever must remain stationary on the individual 
contacts. Let ti, t2, h . . , tn signify these individual times 
corresponding to the individual contacts 1, 2, 8 ... n. On 
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the last contact (n + 1) the arm then remains permanently 
stationary. 

We assume here that the acceleration p of the motor be con- 
stant — which is, as a matter of fact, not entirely the case, but 
which can be assumed with sufficient accuracy, for, although 
each time the lever is moved on from one contact to the next, 
the current impulse causes an increase of the acceleration, which 
latter then gradually decreases, yet a mean constant value for 
the acceleration can be used for calculations. 

If the armature velocity at the speeds of rotation uu w^, ws 
... be denoted by ri, 1*2, t'a . . . , then we have, of course : 

ri = X' wi 

''==^':"> .... (108) 

. ■ • ■ 
Now the general expression for the acceleration is 

^='-: • • • • (104) 

Hence, for p = constant : — 

d n 

p (t2 — h) = K' (712 — 111) .... (105) 

i.e., the time (in this case = f a — *i) which is necessary for the 
change in the speed of rotation (from iii to 112) is directly pro- 
portional to the latter ; hence, by equation (101a) : — 

*fZl' = ''±=U^ = a: . . . (106) 

The periods of time during which the arm must remain 
stationary on the individual contacts must therefore also follow 
the law of a geometrical progression and hence the starter arm 
must be moved slowly at first and can then be moved more and 
more quickly, if the current impulses are to remain equal during 
the period of starting. 

In those automatic starters, in which the speed of switching-in 
is kept constant during the whole of the starting period by 
means of a suitable check (i.e., escapement) device (pendulum, 
air-vanes, centrifugal brake or the like), the speed of switching- 



<*t2 /*h /•ra 

'pdt='P dt= dv =K' 

tl Jt\ J VI 
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in is usually greater in the first stages than theory would 
demand, whilst in the last stages the switching movement takes 
place somewhat too slowly. If, however, the switching-off of the 
individual steps is arranged to be dependent on the speed 
actually attained (for instance, by the aid of a centrifugal 
regulator),* then the automatic movement from one contact 
to the next can only occur just at that moment (and, indeed, 
with absolute certainty at that moment) when the right back 
electromotive force has been developed and the current has 
decreased to the correct value. Impermissible rushes of 
current are thus rendered impossible. The switching-oflf of 
the individual steps can also be carried out equally accu- 
rately in relay-starters by means of electro-magnets which 
short-circuit the consecutive resistance steps one after another, 
as the armature voltage gradually rises in accordance with the 
increasing speed of rotation. In automatic switches of this 
sort, which only allow of the consecutive switching-over from 
step to step exactly in accordance with the dictates of theory, 
the number of steps can usually be made smaller, since imper- 
missible rushes of current, such as occur frequently enough with 
carelessly operated hand-starters, cannot arise. 



In the case of series motors the number of steps can generally 
be made smaller and the division into steps can be carried out 
more roughly, for, in the first place, the resistance ?r,„ of the 
field magnet is added to the armature resistance Wa^ so that 
Wi becomes greater; secondly, also, the self induction in the 
series winding damps the current impulses, and, finally, every 
increase of current also increases the field and thus raises the 
torque more than in the case of a shunt motor. 

An example will render this quite clear. Let us take similar 
values to those for the shunt motor in the example already con- 
sidered. The series motor is to yield 10 H.P., is to be connected 
up to a 220-volt line {i.e., Ei = 220 volts) and is to have, as 
before, with a total efficiency of 86*5 per cent., a loss of 2*7 per 
cent, in the armature, whilst the loss in the field may be taken 

* Siemens & HaUkc, D. R. P. 
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as 3 per cent. We have then, as before, according to equa- 
tion (69) :— 

Normal current C = rr— ^ ' = 39'2 amps. 

The losses in the armature and field amount together to 
5*7 per cent of the power supplied ; hence 

C^ Wi = 0-057 El C 

Wi = 0-057 ^ = 0-82 ohms. 

If we take for the starting current, as before : — 

Co = -^ 1-5 C = -^ 60 amps., 
then 

i? + w'. = ^ = 3-667 ohms, 

R = 3-667 — 0-32 = 3-347 ohms. 
The number of steps n caii now be calculated from equation (92) 
and we obtain thus (with x = C^ -=- C = 60 -^ 89-2 = 1-53) :— 

n = log — ±J!^ _^ log ^ = 5-73 = ^ 6 steps, 

ill 

?i + 1 = 7 contacts. 
If R be left unaltered, then the value of x will be somewhat 
altered by our tajiing n as 6 instead of 5*73, and we shall thus 
have : — 

log x = - log ^_±_!£* = 0-1765, 

X = ^ 1-5, 
therefore, since Co remains equal to 60 amps. 

Q 

C = — = 40 amps, (instead of 39*2 amps.). 

The motor will therefore start up rather more quickly, since the 
current corresponding to the load torque is only 39-2 amps. 

As can be seen from this example, the series motor will only 
require at most 6 steps in the starter, whilst the shunt motor 
under the same conditions will require 7. 



If, in the case of series motors, it can no longer be assumed 
that the field remains practically constant at all values of the 
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current in the neighbourhood of the normal load, i.e., if the 
motor be a comparatively weakly saturated one, then the size of 
the steps of the starting resistance can be ascertained in a very 
simple way by means of graphical construction, as has been 
shown by 0. S. Bragstad.* (The following construction is based 
on the method mentioned.) 

The motor characteristic (current C and speed n revolutions per 
minute) at constant terminal voltage E^. is first determined either by 
brake tests with short-circuited starting resistance (which for 
this preliminary experiment only requires to be chosen approxi- 
mately) or else graphically from the no-load characteristic 
of the motor, which is obtained by letting the motor run as a 
generator with separate excitation and then measuring the 
exciting current C and the E.M.F. (which is approximately 
equal to the armature voltage Ea when the external circuit is 
open). 

The former method can only be chosen when the outputs are 
not too high, since the braking of large horse-powers is in itself 
by no means a pleasant matter and, besides this, is often rendered 
impossible by the absence of the necessary driving power. In 
such cases the second method, which necessitates only a no-load 
test (as a generator), gives a sufficiently accurate result. 

In Fig. 191 1 is shown the graphical construction for deriving 
the motor characteristic (C and n) from the magnetising curve 
C of the machine (Ea and C — Internal characteristic). The 
latter curve has been drawn for the speed w^ = A. If, now, 
Et = 0'B be the terminal voltage at which the motor is to work, 
then the latter will only be able to develop in its armature a 
back electromotive force E^i = L M, since a loss of voltage 
M N = Ci u'i (in the armature and field copper and at the 
brushes) corresponds to the current Ci = L. The armature 
reaction may be neglected or else taken into account by assuming 
a higher value for the loss of voltage. We now measure oflf the 
current Ci in the direction P (see the small arrows in Fig. 191) 
and erect at P an ordinate, upon which the required speed of 

* Arnold, " Die Gleichstrommaschine," I. Auflage. II. Band, p. 418 : Berlin, 
Springer 1903. 
t Cf. Arnoldf '' Die Gleicbstrommaschine," I. Band, p. 452: Berlin, Springer, 1902. 
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rotation «i must of necessity lie. Now the exciting current 

(^'i = L correspondB on the no-load curve G at the Hpeed 

v„ to the eieetromotive force L Q = Ei" = C »„ Zi, where 

Zi = / {6'i) is the number of Hnee of force. With the eame 

field, however, the back electromotive force i'„i = C «i ^i = L M 

corresponds to the speed ni and we therefore have :— 

El" -7- £^1 = v„ -■ Jii 

LQ-^LM = OA-^Hi 

By the aid of similar triangles we can therefore find the 

unknown speed hi = V U and project it over to S, which latter 



point is then one point on the required motor characteristic. 
The construction is carried out by drawing the lines Q 0, M 0, 
A T, T U and V S, as indicated hy the arrows. The proof of the 
correctness of the method can be seen at onee from the figure. 
By repeating this construction for various currents we thus 
obtain the motor characteristic K S for the voltage E^. Particular 
mention must he made of the construction for the point K 
(speed = II J, which is obtained from the point of intersection F 
of the no-load cliaracteristic C and the line of the back 
electromotive force B D. The corresponding current is 
G = H = C". 

If, now, a resistance li be connected in series with the motor, 
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then the line of back electromotive force B D is depressed to 
B W, for now the drop of voltage Ci -B = M X is added to * 
N M = Ci ?f? (see Fig. 192). The " resistance line " B W cuts 
o£f, however, on the left-hand side of the axis the current 
W = Co, where Ef, = Co {tvi + R), corresponding to the 
back electromotive force Ego = ; that is to say, the motor 
is still at rest and the speed n corresponding to the current 
Y = W = Co is equal to zero. Y is then one point of a 
new characteristic Y Z for the motor with an external resistance 
R in circuit and the curve Y Z can be constructed in precisely 
the same way as the normal characteristic E S. Now let 
Ci = P = L be the normal working current, corresponding 




Fig. 192. 



to the normal torque, and let it be permissible to increase the 
current at starting to C^ = Y = W, in order to obtain besides 
the normal load torque the necessary acceleration. 

The motor will thus start up with the current impulse 
Co = Y and will then continue to run on the characteristic 
I (Y Z) up to the point a where the normal current Ci is reached. 
Meanwhile the speed of rotation has risen from zero to Pa and 
the back electromotive force has attained the value L X, whilst 
the internal resistance of the motor produces the drop of volts 
M N = Ci iCi and the still remaining external resistance a voltage 
drop M X = Ci R. 

The motor would now run continuously at the speed P^, taking 
in so doing the current Ci = P. The resistance R may now 
be decreased by the amount of the first step n, so that then the 
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previous maximum current C^ = Y flows for a short time. In 
this way the point & on a new characteristic II is obtained, which 
latter can at once be constructed by drawing the new resistance 
line Be where c lies at the same height as x. It will easily be 
seen that the distance Wc is a measure for the first step of the 
resistance, just as indeed D W gives a measure for R and T>d a 
measure for the internal resistance of the motor lo^. It is now 
easy to construct for the remaining external resistance {R — tci) 
the motor characteristic II (6/), upon which the motor runs until 
the speed has risen to P/, corresponding to a decrease of the 
current from C^ to Ci. The construction must now be repeated 
in this way until the resistance line B D and with it also the 
normal motor characteristic S K is reached. From the zig-zag 
line on the left-hand side of the diagram it is then easy to ascer- 
tain the number of steps and the size of the individual steps of 
the starter, and, indeed, as can readily be seen, this construc- 
tion even takes into account the influence of the alteration 
of the field during the alteration of the current between the 
limits Co and Ci, since the no-load curve C was used for the 
construction. 

Obviously, here also the number of steps decreases when the 
ratio CJC = x increases. It is, however, always smaller than 
for shunt motors. 

The determination of the number of steps n and of the 
dimensions of the individual steps can also be very conveniently 
carried out for shunt motors by means of graphical con- 
struction. The following method is adopted for this purpose 
(Fig. 193). 

Parallel to the straight line 0' and at distances C and 
Co = xC respectively, we draw the straight lines AB and CD, 
erect at the point the perpendicular A C, and then set oflf 
the resistance w^ from to F. The perpendicular F G is then 
erected and the straight line G H is drawn. H K now intersects 
the straight line A B at the point L, which is joined up to and 
thus gives the point of intersection M on C D. The perpendicular 
MN then gives the point P on AB, which point is again 
joined up to 0, and so on. This construction is repeated step by 
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step until the straight line Q B D is reached, which is erected at 
a distance (wa + li) from 0. 

We now have from Fig. 193 : — 
OF=zWa OK =h A = FG = CRL= Co- C=C (x-l) 




Fig. 193. 

The two triangles F G and G L H being similar, we have, 
however : — 

OF-^FG^GL-^LH 



w 



» 



h — ?/ 



a 



C C{x--1)' 
hence 

h — u'a — ir„ (.r — 1), 

therefore, from equation (88) : — 

b - u'a = F K = r„. 
Again, we have : — 

ON = a KN = a-t = LP, 
therefore, f i om the two similar triangles K L and N M : — 

OK^KL = ON~NM 
h a 



hence 



(' xC 

a = bx. 



s. 



o 
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Since, however, b — «'„ = 
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— r^, therefore : — 








a 


and 










a — h = (x — 


- 1) ('•» 


+ « 


•a), 




consequently : — 










a — h __ (a: - 


- 1) (r 


„ + 


«'a) 



Now r„ = Mv (^ — 1)> therefore 
we have : — 



h — w 



a 



r. 



^^^ 









= x— 1 + 1 = 0:, 

hence 

(a — b) =xrn, 

therefore from equation (87) : — 

a — b = r„_i. 

The lengths F K, K N, cut off 
on the straight line 0', there- 
fore represent to the scale Wa 
= F the individual resistance 
steps ?•**, 7'n.i . . . , the sum of 
which is given by the length F Q. 
It is therefore only necessary 
to repeat the given construction 
again and again until the length 
E is attained or exceeded, and 
the number of steps, as also 
the dimensions of the individual 
steps, can then easily be read oflf. 
It is, of course, also possible [as 
can be seen from equation (106)] 
by a suitable choice of scale to 

read on the line 0' the speeds of rotation or the periods of time 

corresponding to the individual steps. 

The magnitudes of the individual steps can also be con- 
veniently and quickly ascertained by the aid of the logarithmic 
slide-rule as soon as the number of steps 

, R + tVi . , 
n = log — ' — - -^ log X 
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has been determined. It is only necessary to divide on the 
logarithmic scale the distance of the scale division Wi from the 
scale division (R + Wi) into n equal parts and then to read off 
the required values of the resistance at the divisions so obtained. 
For instance, for the example calculated above of the starter 
for a shunt motor, the distance from the point Wi = 0*1625 to 
the point R + w^ = 8*6625 on a slide rule of ordinary size 
(cf. Fig. 194) amounts to 169 mm. This length is to be divided 
into w = 7 parts (corresponding to the 7 steps). Each part will, 
therefore, be 169 -f- 7 = 24^ mm. long, and at the points of 
division we can read off : — 

0-1625 - 0-254 - 03965 - 0-619 - 0-966 - 1*509 - 2-349 - 3-6625 

\/ \/ \/ \/ \/ \/ \/ 
Differences : 00915 - 01425 - 0-2225 - 0347 - 0-543 - 0-84 - 1-3136 

7-7 u n U rg 7*2 ri 

\ /\ /\ /\ /\ /\ / 
Quotients : 1-558 - 1-562 - 1-561 - 1566 - 1-55 - 1-563 = a- = ~ 1-56. 

as was also given by the previous calculation. 

The proof of the correctness of this method of calculating the 
size of the individual steps can easily be deduced from the nature 
of the logarithmic slide rule.* 

If the two parts of the slide-rule scale from 1 to 10 to 100 
should prove insufficient, it is only necessary to draw out the 
slide on the right until the 1 on the slide coincides with the 10 
on the fixed scale, as is shown in Fig. 194. This would, for 
example, be necessary, if wl were equal to 0*065 and R + Wi were 
equal to 1*25 ; in this case we begin on the upper division at 
6*5 (hundredths) and continue on the movable part to 125 
(hundredths). 

If, now, we wish to determine by means of the slide rule the 
dimensions of the individual steps for the above-mentioned series 
motor starter, then the distance from Wi = 0*32 to 22 + Wi = 8*667 
is equal to 132*25 mm. ; hence with n = 6 steps, one division is 
equal to 132*25 -r- 6 = 22*04, and we can now read off: — 

0-32 - 0-482 - 0-723 - 1085 - 1-626 - 2-44 - 3-667 

\/ \/ \/ \y \/ \/ 

Differences: 0162 - 0-241 - 0-362 - 0-541 - 0-814 - 1-227 

\/ \/ \/ \/ \/ 
Quotients: 1-498 - 15 - 1-495 - 151 - 1-51 = -^ 1-5 = a:, 

which agrees with the value for x calculated above. 

• Cf. Pochin, " Elektrotechnische Zdtschrift," 1897. 

2 
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It may be added that for lift motors (with shunt excitation) 
according to practical experience * about 2*5 times the torque is 
necessary, so that we must must calculate for a: = '^ 2*5. After 
the lift has been working for some time, when all the parts of 
the hoisting gear have worked themselves well in with one 
another, this value decreases to about x = 2. 



The calculation of starters for three-phase motors with slip- 
ring armatures (phase armatures) appears at first sight to be 
more difficult, but is, as a matter of fact, comparatively easy when 
the normal slip, the normal power and the rotor voltage are 
known. Here, also, as in the case of continuous-current motors, 
the keen competition compels the designer, in order to obtain 
economically-working motors at a low price, to adhere to standard 
values for all the essential quantities concerned (^particularly for 
efficiency and slip) which are practically the same in all firms. 
Erlacher gives the following values t for these : — 

• 

Table XXIL 



Power of Motor 
(in Metrical 
Horse.power 

X English 
Horse-power). 


Slip. 
Percent. 


Efficiency. 
Per cent. 


ToUl 
Consumption 
in Kilowatts. 


Total Losses. 
Watts. 


Copper Loss 

in Rotor 

per Fliase (for 

S-phsiie). 

WatU. 


1 


5-5 


75 


0-982 


245 


16 


2 


50 


78 


1-89 


415 


28 


8 


50 


80 


2-76 


552 


87 


5 


4-5 


82 


4-49 


807 


54 


7-5 


4-0 


85 


6-50 


974 


65 


10 


4-0 


87 


8-46 


1100 


78 


15 


4-0 


88 


12-55 


1505 


100 


20 


8-6 


88 


16-74 


2010 


184 


25 


8-5 


89 


20-7 


2280 


152 


80 


3-5 


89 


24-8 


2730 


182 


40 


8-5 


90 


82-7 


8270 


218 


50 


8-5 


90 

1 


40-9 


4090 


278 



Here the copper losses in the rotor have been taken as ^th of 
the total losses, which corresponds with close approximation to 

* Cf., Dr. H. Mosler, " Selbstanlasser *' : Berlin, Springer, 1904, p. 10. 
t ''Elektr. Apparatc," p. 166. 
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the values for the normal designs. The numerical values of the 
preceding Table XXII. are plotted in Fig. 195. 

If the watt loss Cr icr in one rotor phase be divided by Ci^^ 
(Cr = rotor current), then the resistance wr of a rotor phase is 
obtained. Cr — which must, of course, be known, as otherwise 
the starter could not be designed at all — corresponds to the 
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40 



Jff 



-hT 



normal load, and hence also to the normal slip s 7o- Now we 
have 



« = 100 ^ 



n.i — n 



7h 



(107) 



if n^ denote the speed (revolutions per minute) of the rotating 
field, i.e., the synchronous speed of a rotor without losses, whilst 
n is the normal speed of the rotor at full load. 
Now 



" 60 



. (108) 



if c denote the frequency of the current per second and j? the 
number of pairs of poles of the motor. 

As now, the E.M.P. developed in the rotor, and hence also the 
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rotor current, increases with increasing slip, therefore the rotor 
current at starting would attain an extraordinarily high value, 
since at starting the slip So is in fact equal to 100 per cent. The 
theoretical starting current CJ in the rotor would (neglecting in 
the first place the influence of the self induction) attain the 
value : — 

CJ = Cr^ .... (109) 

8 

The self-induction in the motor certainly chokes down this 
value of the starting current very considerably ; nevertheless its 
influence is not sufficient to render the use of a starting resist- 
ance unnecessary. Only for very small motors which start with 
small load (ventilating fans and the like) is it permissible to omit 
the starting resistance, i.e., to use a short-circuited armature and 
to connect the motor direct on to the full line voltage without 
resistance in the stator circuit either. 

If, similarly to the case of the continuous-current motors, a 
starting current C^, = a: C/j be permitted, then in each phase a 
resistance R must be inserted, which has then to be reduced in 
steps corresponding to the gradually decreasing slip at higher 
speeds. Obviously we have : — 

Co'wj, = C\(trit + Ii) . . • (110) 
hence, by equation (109) : — 

^ Wli + R ^ 8„ 

Oo — C jj • 

The slip 8o is, however, = 100 per cent., therefore we have 
(cf.l07):— 

n = '^{^-.) . . . (ui) 

The division of the starting resistance R into steps has then 
to be carried out according to a geometrical progression in exactly 
the same way as for continuous-current motors (by calculation, 
graphically or by means of the slide rule). 

The choice of the value for x is finally worthy of mention. 
For instance, whilst for continuous-current starters x is taken as 
approximately equal to 1*5 (for lift motors up to a: = -^ 2*5), for 
three-phase motors a higher value for x may be taken in conse- 
quence of the comparatively large influence of the self-induction. 
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In normal cases we therefore take x = -^ 2 and for lift motors 

X = about 2*5 to 8. 

If in equation (111) we insert the value 

1/100 \ 100 , .,,^. 

— — — x] = ^ 1 = m , . (112) 

X\ 8 / X8 ^ 

then we have 

R = mwji . . . . (113) 

In the following table the numerical values for m correspond- 
ing to the most frequently occurring values for x and s are given 
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and these are plotted graphically in Fig. 196, so that the inter- 
mediate values may also be taken therefrom. 

Table XXIII. — Values for m = ( 1 » = — . 

\xs J 



tih 



^'0 

w = .. — 



r 



11 



1 

1-5 

2 

2-5 



Slip % % = 



2 



49 
32-3 
240 
190 
15-7 



25 

39-0 
25-7 
19-0 
150 
12-3 



32-3 
21-2 
15-7 
12-3 
10-1 



3-5 



27-6 
18-1 
13-3 
10-4 
8-5 




240 

15-7 

11-5 

90 

7-3 



21-2 

13-8 

10-1 

7-9 

6-4 



190 


17-2 


15-7 


12-3 


11-1 


101 


90 


8-1 


7-3 


70 


6-3 


5-7 


5-7 


51 


46 
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If the resistance wr be not known, then we can assume the 
copper loss in the rotor to be ^th of the total losses *, so that for 
each phase we have about ^th of the total losses. In this way 
we then obtain the values in the last column of table XXII., and 
from this the following normal values of the rotor resistance wr 
per phase for the current steps Cr = 25, 50, 75, and 100 amps. 



Table XXIV. — Values of u\ in Ohms (Per Phase). 



Power of Motor 
(ill Metrvnl 


C%-H 




^j^ Ampn. 




Horse-power 
= •98«53 


(Per Pliaae). 
Watta. 




60 


75 




X EngliHh 
Horsc-power). 


2S 


100 


1 


16 


00256 




1 




2 


28 


0-0448 








8 


37 


0-0592 








5 


54 


0-0864 


00216 


1 




7-5 


65 


0-104 


00260 


— 1 




10 : 


73 , 


0-117 


00292 


00180 




15 


100 




0-0400 


0-0178 1 


00100 


20 


134 




0-0536 


0-0238 


0-0134 


25 


152 






0-0270 


0-0152 


80 


182 






0-0324 


0-0182 


40 


218 






— 


0-0218 


60 


273 









00273 






(Cf., also 1 


h'i-. 197.) 

















Example of the Design of a Starter for a 10 h.j). (metrical) 

Three 'j>hase Motor, 

In accordance with Table XXII. let s per cent. = 4, r; = 0*87, 
di^ Wji = 73 watts. With x = CJCr = -^ 2 we obtain from 
equation (112) or more conveniently from Table XXIII. : — 

RIwr = m = 1 = 11*5. 

X o 

For the rotor current we will assume one of the values 
Cr =25 or 50 or 75 amps., in order to reduce as far as 
possible the necessary types of brushes for the starter, as also 



* p 



Of. Eriacher, p. 167. 
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the number of types for the contact buttons and contact pieces. 
If we put the rotor losses (as above) equal to 3 C}^ zr^j = 8 X 73 = 
219 watts, and if we neglect the hysteresis and eddy-current 
losses in the rotor on account of the low frequency, then the 
electric power of the rotor 3 Cr e^ {e^ = phase voltage) must 
be equal to the sum 8 C^ r^ + (736 X metrical horse-power), 
cji is, however, already fixed by the choice of the slip-ring voltage 

Eji = ejiVS. The latter is, however, generally not made much 




SoMUrical 
horstpcwer. 



higher than 100 volts, in order to make the operating of the 
starter free from danger and, besides this, in order to obtain a 
more eflScient use of the winding space. With Er = 100 volts 
we have then : — 

3 Cij f /J «= C/f Er V 3 = 3 C^ n-ji + (736 X metrical horse-power) 

= 219 + 7860 
Cjn = 43*8 amps. 
We therefore take Cr = 50 amps, and obtain then the 
corresponding slip-ring voltage : — 

Er = 87-6 volts. 
The value for wr can, however, be taken from Table XXIV. 
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(for 10 metrical horse-power and Cr = 50 amps.). We then 
obtain : — 

w^ = 0-0292 ohms ; 
consequently we have from equation (113) with m = 11*5 
li = m Wr = 11-5 X 0-0292 = 0-335 ohms. 
The rest of the calculation can now be carried out in precisely 
the same way as in the case of starters for continuous-current 
motors. From equation (92) we then obtain the number of 
steps : — 

n = log ^?-±-!^ -T- log X = log 12-48 -Mog 2 = 3-65 

= ^^ 4 steps per phase, 
and 71 + 1 = 5 contacts per phase. 

(We might however, provided that x be greater than 2, be 
satisfied with 3 steps). 

With n = 4, however, the true value of x from equation (92) is 

X = 1-88 (instead of 2). 

The steps are most conveniently calculated by the aid of the 
slide rule by dividing the distance from w^ = 0*0292 to 
(R+M'ij) =0"3642 — Le.y the distance between the divisions 2*92 
(hundredths) and 36*42 (hundredths) which amounts to 137*2 mm. 
— into ?i = 4 equal parts and then reading off the following 
values at the individual divisions : — 

0*0292 - 0*0549 - 0*1030 - 0*1940 — 0*3642 ohms. 



Differences: 0*0257 - 0*0481 - 0*0910 - 0*1702 



Quotients: 1*874 — 1*892 - 1*870= ^.r=l*88(as above). 

The individual steps are therefore : — 

n = 0*1702 ohms. 
7-2 = 0*0910 
,'3 = 0*0481 
7-4 = 0*0257 „ 



1} 

99 



v^*,. = 0*3350 ohms. = II, 
as was necessary to meet the case. 

It is unnecessary to mention that all starting resistances may 
be used to regulate the speed between and the normal value, 
provided they be sufficiently amply dimensioned to stand 
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permanent loads on the steps. Certainly this method of regu- 
lating the speed is rather crude and uneconomical ; but, in spite 
of this, it is very frequently employed, — for example, for crane 
motors and in railway work, where it is of particular importance 
to be able to manipulate the speed within wide limits. If the 
limits of speed be less far apart from one another, then it is 
better to take the normal speed of the motor as the lower limit 
and to regulate the speed then in the upward direction by 
weakening the field. 

Particular attention must, however, be called to the fact that 
starting resistances should be designed only for starting on load 
and never for starting without load (although starters of the 
latter kind come out very much cheaper) since, otherwise, it is 
impossible to avoid the danger that, if by any chance the starter 
should, in spite of everything, be used for starting on load, it 
would at once burn out. However, even in the case of starters, 
which are dimensioned for starting on load (without speed 
regulation upwards), it is very strongly advisable to place on 
the starter a notice, which at once strikes the eye. (Only for 
starting ! Not to 4)e permanently switched in ! or the like.) 



B. Theory of Regulating Resistances. 

Regulating resistances are employed : — 

(a) For varying the exciting current in shunt and compound 
generators, in order in this way to regulate the E.M.F., and 
thus also the terminal voltage with varying load (and, indeed, 
to keep these constant or to vary them at desire). 

(b) For regulating the speed of motors by alteration of the 
excitation. 

(c) For regulating the current strength or the voltage respec- 
tively in feeders. 

{a) Field Regulators for Generators. 
1. For Shunt Generators with Internal Excitation. 

Since the excitation voltage decreases with increasing load, 
hence it is necessary to arrange for a diminution of the regu- 
lating resistances with increasing load in such a way that not 
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only the voltage drop in the armature (and the armature re- 
action), but also the sinking of the E.M.F. in consequence of 
the smaller excitation voltage is compensated. 

It is only possible to choose the dimensions and steps of the 



^m^n. 




Fig. 198. 



excitation resistance exactly correctly when the no-load character- 
istic of the machine [armature voltage Ea =f(im) for C = 0] and 
one of its load characteristics [E^ =/(im) ^or C normal] or its 
external characteristic is known. Certainly, as will be mentioned 
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later, the no-load characteristic and an external characteristic 
estimated at a reduced speed may be made to suffice, but a 
certain inaccuracy is hereby entailed. 

Let -0 A (cf. Fig. 198) be the no-load characteristic and 
B C a load characteristic of the shunt machine (preferably for 
approximately Cn^yrmai).* These two curves must be experi- 
mentally determined in the testing room in the usual way. 

With large machines this estimation of the load curves 
generally involves certain difficulties, since large driving powers 
are required and large electric powers must also be used up in 
the load resistances. The well-known method with two 
machines can hardly be used here, since the machine to be 
investigated must be excited from upwards, and hence gives 
varying values of £«> in consequence of which it cannot be con- 
nected to the network. If accumulators be available, then at 
least a portion of the electrical energy generated can be usefully 
employed. 

The condition, that the terminal voltage E^ is to be kept 
constant at all load currents C, can only approximately be 
fulfilled by the use of ^* stepped-off " resistances, since voltage 
variations between an upper limit E^i, and a lower limit i^'^^ must 
be permitted. 

The voltage variation is thus : — 

and hence the normal voltage is : — 

EJ, = l{EK^ + EK^) . . . (115) 

therefore 

T^=Ejc,-Ej, = Ej,-Ej,,. . . (116) 

Now the curve parts D F and G H can be regarded as 
straight lines and hence in this case all the values of the voltage 
between no-load and normal fall load must then lie within the 
parallelogram D F H G. 

Now let tCjn (see Fig. 199) be the resistance of the magnet 
winding and p a resistance which is permanently in circuit and 
which brings the exciting current at full load and with the 

* Cf. Erlacher, " Elektr. Apparate," p. 168 et seq. 
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regulating resistance B entirely short-circuited down to the correct 
value. At no-load the whole of B is in circuit and the voltage 
attains the value Egi (point F), corresponding to the exciting 
current i^ = K. We have then : — 

tana,= tanFOK = ^ = ?r, = fl+p+ ?r,„ . (117) 

If, now, the load current rise from C = o to C = Ci, then the 
armature voltage, and hence also the exciting current, will 
decrease. Since, however, the resistance in the exciting circuit 
{R-\- P + w^) is still unaltered, therefore the voltage must decrease 
along the straight line FLO from K F = E^i to M L = Ej^i, the 
exciting current adjusting itself meanwhile to ij = M. We 
have now : — 

ts,na, = Mp=:Ii+p + w,, . . (118) 

hence 

Exi h = Eki io 
and 

^'' ^^"2eI + € • • • • (119) 

The first resistance step Vi must now be switched out in order 
to raise the voltage to E^^. The rise of voltage takes place now 

along a new load characteristic L N, which 

naturally lies lower than the no-load charac- 

L^^ 1 teristic D A, since the voltage loss in the 

I ^^-/^ ^ armature and the armature reaction already 

/ ^ I come into effect. In any case that part L N 

^jff^^ of the new load characteristic which is now 

^ ^ ^m. concerned, has a slope lying between the 

Fig. 199. curves for C = o and for C„<^,„. It may be 

assumed with a sufficiently close approxi- 
mation that all parts of the curve, which lie between Ejci and E^^ 
intersect one another when produced in the point 0'. 

The point N corresponds to the exciting current Q = ii, as 
also to the angle N Q = ai, and we now have, since only 
{R — n) is still in circuit : — 

tan ai = tan N Q = -^' = wi = iJ - n -f p + w^ . (120) 
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hence, by equation (117), 

7Vi = Wo — • 7'1 

ri = iVi'VT^ • • • (121) 

If, now, the load continue to increase, then the exciting 
current ii = Q decreases to S = i\, because the voltage N Q = 
Ejci has gone back to the value S P = E^i- The voltage now 
gradually diminishes again, just as it did before, along a straight 
line, which passes through 0, namely, along the straight line 
N P 0. We have then :— 

tan ai = ^ = ^/"^ = wi = It - n + P + u^,n . (122) 

hence 

Ex2 H = E^i i'l 
and 

^1 " *^ 2~Eg: +~€ (12^^ 

therefore 



K H • • • • (124) 

If, now, in order to bring the voltage up again from E^z to 
Ejci, the second step (r^) be also switched out, then the exciting 
current will increase to U = fa and the voltage will rise from 
S P to U T. We therefore obtain the following equation : — 

T U E ' 

tan oa = ^y^ =-^ = w^ = fl - ri - rg + p + /r,„ = wi— r^ (125) 

By combining this with equation (120) we have therefore : — 

v^^Ek,'^^,^^ . . . . (126) 

If, now, the regulating resistance possess altogether n steps, 
the last of which is r„, then we have, in the first place, in analogy 
with the foregoing results : — 

v^^EkX^'Y-^ . . . (127) 

The contacts are numbered 0, 1, 2, 3 . . . (?i — 1), n. 
Now we have further : — 

n + ra +r8 + . . . + ;•„., + ;„ = 2^ v = n . (128) 
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By equations (121) and (126). 

^•i + '2 = Eki 



t2 



'» 



KH 



(129) 



Since, however, by equation (127), 

?3 — H 



r« = E 



Kl 



H *3 



hence we have now 



n + ra + Ts = Er '^ '^ 



'Kl 



h H 



(130) 



From this we obtain the following scheme : — 



ri — i*/jti -. 7 

I T,T ^^ — ^o 

ri + n = J^A-i TT" 



n + Ti + 7 3 = i/A'l 



^3 — ^o 



. (121), (129), (130) 



We recognise at once that, according to the same law, 



s: r = Ii = EVi v^» 



(131) 



Here t» (contact w) corresponds to the voltage Ek^ At the 
highest load the voltage then sinks down to Ej^^y the current 
decreasing meanwhile to i'^ in analogy with equations (119) and 
(123), so that we have : — 



^1. = ^ 



. 2AV-6 



hence (cf. 124) 



ri' 



W 



lo n ^a 



• ■ • 






Finally, we have from equation (117) 



. (132) 



(133) 



. (134) 



If the variations Ai of the exciting current be denoted by 
«i, »2, «3 . . • •> then we have: — 



h — ii = «2 

?*3 — '2 = «3 

• • ■ • 



. (135) 
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Hence, by summation : — 

in - io = («i + «2 + . . . + O = S^'CA . (136) 

If w^^ be the resistance of the exciting winding in the warm 

condition, whilst the above value w^ corresponds to the cold 

condition, then we have, after switching out the whole regulating 

resistance (on contact n) : — 

'n=^^~r^ .... (187) 

where 

<, = "V(l + aO • . . (188) 

it a be the temperature coefficient of the exciting winding (for 
copper a = -^ 0004). 

In the determination of the regulating resistance R [equation 
(134)] the value of w^ (cold) must be taken into consideration. 

Since, from equation (117), 

Efct 

W'o = ^ - 

hence the magnitude of the individual steps may also be deter- 
mined in the following way (cf. 121, 129, 130, 131) :— 

• • 

;i = U',^7'^- . . . (189) 

H 



'•l + ^2 = U\ — 

is — io 



n + 7-2+7 3= U\ 



^3 



hi 



(140) 
(141) 



(142) 



The dimensions of the individual steps of the regulating resist- 
ance II can, however, be ascertained more conveniently from 
Fig. 198 than by calculation. 

The maximum exciting current in (with Cnormai and E^i 
volts) is represented by X, and the terminal voltage produced 
is X H = Exi- If the ordinate X H be now produced through 
H upwards, then the individual resistances can be read 
off on this by producing the lines F, N, T . . . to a, fc, 

S. P 
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Owing to the similarity of the triangles we thus obtain the 
following relationships : — 

OK^KF = OXH-Xa 

i« -T- Eki = i„ -T- X a 

. (143) 





X tt — Eg, . . 


OQ-^ 


-QN = GX-^X6 


h-. 


'r Eki = t» -4- X 6 




'i 


GU- 


^UT = GXh-Xc 


Is - 


^ EV. - '•„ 4- x c 







(144) 



. (145) 

and BO on ; finally, 

X H = i*:*:, and X = i„ . . . (146) 

If, in the first place, the influence of the heating on the 

magnitude of the resistance of the exciting winding be 

neglected, i.e., if w'^^^ be put equal to tc^, then we have from 

equation (137) : — 

EKi = ^iniP + ii'J . . .(137*) 
Besides this we have from equation (117) : — 

EK, = i,{l{ + p + irJ, , . (117*) 
hence 

-^ = ^ = i? + P + «„ = «„ . . (147) 

"OX ~^~ "■» -'■!•• • (cf. 120) . . . (148) 

^ = ■?^' = „.„ - ri - ra . . . (cf. 125) . . (149) 
finally, 

J 5 = ^ = p + ,,,^ = ,r^ -n , , . (cf. 137**) . (150) 

If, therefore, the distance X a = 2i\ X = (7i + /^ + u\n) X 
be measured off on a corresponding resistance scale, which is 
chosen in such a way that all the (R -\- p -\- nvJ resistance units 
can just be got in between X and a (0 X being thus equal to 1), 
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then the individual lengths will represent to the same scale of 
resistance the following values : — 

ab = Xa — Xh = Vi 

ic = X6 — Xc= 1-2 

• ••••• ■ 

The difference between tUj^ (cold) and to'^^ (warm) can be 
expressed graphically by measuring off (p + ?0 downwards 
from H (in the scale of resistance). We obtain thus the length 
X Z = w'^ — iVjn, which we then measure off from a towards d. 

If, finally, X q represent the resistance m',» of the winding and 
P ^= q R, the supplementary resistance, then it is more 
practical to make a part of p also adjustable, in order to be able to 
keep the voltage right even with a moderate overload. If, for 
instance, the point ni lie on this overload curve, then the exciting 
current will have to be increased to /. In accordance with this 
the resistance must then be lowered to Xjh that is to say, the 
part 2^ H of the supplementary resistance qK = p can therefore 
also be switched out. 

The whole regulating resistance therefore embraces the following 
steps : — 

j) H for overload. 

H a for the normal regulation between C — and C normal. 

a d for compensating the increase of resistance, from w^^ to iv'^. 

The resistance q p has, as a supplementary resistance, to be 
permanently in circuit in series with the field winding, and, 
finally, a few preliminary steps will be added, in order to reduce 
the exciting current considerably before switching out and so 
to lessen the sparking caused by the self-induction. 



If, as is generally the case with large generators, only the no- 
load characteristic, but not the load characteristic for normal 
current C„f,rmah can be determined in the testing department, 
then the latter must be calculated first from the curve, which can 
be done with close approximation.* 

* Cf. Arnold, "Die Glcichstrommaschine," Ist editioor Vol. I., p. 271 ; Vol. II., 
pp. 392 and 425. 

p 2 
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For this purpose the number of ampere-turns A Wr which 
serve to compensate the armature reaction are estimated, (for 
example, from a no-load test) and from these the corresponding 
exciting current fV = A Wr -r- A"„ in the shunt winding is deter- 
mined, Nn being here the number of turns on the exciting coils. 
The voltage loss a \\\ the armature Cu\ is then calculated for 
the corresponding current strength, and the triangle gi, 02, gn 
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Fig. 200. 



(Fig. 198), which by parallel displacement gives the load 
characteristic, can then be drawn. A load curve may also le 
taken at a reduced speed (and voltage); but, in this case, an 
error of 1 or 2 per cent, is involved. 

It may be mentioned in conclusion that the no-load curve 
for decreasing magnetisation must be used in the calculation 
of the regulating resistance, since this has a greater curvature 
and thus yields finer steps. 
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2. For Generators with Separate Excitation. 

When the excitation voltage remains constant, i.^., when the 
generator is excited from special exciter bus-bars, then the pro- 
cedure may be in accordance with Fig. 200. The only difference 
between this and the preceding case (internal excitation) consists 
in the fact that the voltage now decreases from Ej^^ to l^xi 
along the ordinates and not along the lines passing through 0, 
as formerly. Everything else can be seen clearly enough from 
Fig. 200, so that a further explanation is hardly necessary, 
The individual steps lie between a h, h c, 
c dy etc., as can easily be proved. 

(W^ith reference to the division into steps 
of regulating resistances for altering the 
voltage of shunt generators and also with 
regard to the calculation of field regu- 
lators for exciters of alternating current 
generators, cf. Arnold, Vol. II., p. 430 
et seq.) 

For regulating the excitation of alter- 
nating current and three phase generators 
the arrangement shown in Fig. 201* can 
be used with advantage. The regulating 
resistance / in the shunt circuit of the 
exciter serves for the rough stepping-ofiF of 
the voltage, whilst the resistance // in the 
field magnet circuit of the alternating 
current generator renders the finer regu- 
lation possible. If, now, the steps of II be so chosen that 
they fit in between the steps of I, then a very fine regulation 
is possible with a comparatively small expenditure of resistance 
material. 

Further particulars about regulating resistances are also to be 
found in the work of R. Krause, " Anlasser & Regler " : Berlin, 
Springer, 1902, as, for instance, on pp. 67 and 68, for shunt 
generators with a much curved external characteristic (that is, 
therefore, for weakly saturated machines, such as are found, for 

* Cf. Niethammer, ** Elektr. Maschinen, Apparate und Anlagen," Vol. II I., p. 312. 
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example, in accumulator installations, where the normal generator 
voltage must be greatly increased for charging, so that the 
machine runs during the rest of the time with a considerably 
weakened field). On pp. 68 — 70 regulators for series machines 
are considered, and on pp. 70 — 71, regulators for compound 
machines.* 

The number of steps in shunt regulators is generally very large. 
Less than about 20 to 25 steps are seldom employed, and their 
number frequently increases to 50 or 60, and indeed even to 100 
and more. For field regulators for series machines, which are 
connected in parallel with the magnet winding, only a small 
number of steps is necessary. 

{h) Field Regulators for Motors, 

The regulation of the speed of motors starting from the normal 
speed may take place either in an increasing or a decreasing 
direction. The lower speed can be best obtained by the use of 
resistances placed in series with the armature (exactly similarly 
to starters). The armature receives in this way a lower voltage 
at its terminals, and hence turns more slowly. Certainly this 
kind of regulation is not economical, since large quantities of 
energy are converted into heat in the series resistance. In power 
installations, where alterations of speed within very wide limits 
are necessary, multi-conductor systems with voltage steps of 
varying magnitude are therefore sometimes employed. In rail- 
way and tramway work the problem is almost always solved by 
the use of two or more motors in series and parallel connection 
in combination with the resistance regulation. 

The speed regulation in an increasing direction can be obtained 
in a decidedly more economical way than that in a decreasing 
direction, since it can be effected by means of w-eakeuing the field. 
In the case of shunt motors a resistance is inserted in series 
with the magnet winding, but for series motors, on the other hand, 
the regulating resistance is placed in parallel with the field magnet. 

In the case of three-phase motors the speed can only be 
regulated by changing the poles (lessening the number of poles). 
The jumps of speed are, however, generally very great, and 

♦ Cf. also " Elektrotechnische Zeitschrift," 1902, p. 383. 
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the changes of connections, which become very complicated, can 

usually only be effected by the agency of switch apparatus, which 

are built on the principle of 

controllers (cylindrical form). 

The finer speed regulation 

downwards is effected in the 

case of three-phase motors 

by means of resistances in 

the rotor circuit (slip-ring 

armatures). y[^ojy> 

In order to ascertain in 
the case of shunt motors the 
exciting current ii, which corresponds to the desired speed wi, the 
no-load characteristic is again employed. 

In general, we have (cf. equation 98) : — 

and hence 

w=^f^- .... (152) 

In Fig. 202 B is the starting resistance and Ei the regulating 
resistance, which allows the alteration of the exciting current 
from i to t'l, and hence of the speed from n to ni, the back 
electromotive force changing in the meantime from Eg to Egi, 
in accordance with the alteration of the field from Z to Zi. 
With the starter R short circuited we have : — 

^L = Eg + C\ H'a 

Eg = El — (C — i) u'a ... (at n revolutions) . (153) 
Egi = £jr — (Ci — ii) u\ ... (at 111 revolutions) . (154) 
The voltage loss in the armature [ (C — i) «*„] amounts, how- 
ever, to only a very small percentage of Eiy and we can there- 
fore write with sufficient accuracy : — 

Eg = -^ JKjr, =3 -^ Egi = -^ a constant . . (155) 
Then we have, however, from equation (152) : — 

n Z = ni Zi= . . . = '/ = '^ a constant . (156) 

A 

If, now, the no-load characteristic I for n revolutions be 
given (cf. Fig. 203), then we can easily deduce from this the 
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characteristic II for rii revolutions (I and II are correct for the 
miachine when employed as a generator). The same curves, how- 
ever, also give a measure for the number of lines of force Z 
and therefore permit one, as can be seen without further 
explanation, to read off on II the particular value of the current 
strength ta, which yields with a constant back electromotive force 
and a speed of ni revolutions the number of lines of force Z — 







Fig. 203. 

just as on I, with a current i, the number of lines of force Z was 
obtained at n revolutions (thus corresponding also to the same 
back E.M.F. i> 

It is thus easily possible, when n and n\ are known, to 
determine the exciting current ii from the curves I. and II. We 
have, however : — 

at n revolutions . . . . Ei= iic,^ . . . (157) 
at ni revolutions .... -Bi, = ti(wv + -Ri)- • (l^^S) 
hence we obtain : — 



ill = ;-- IC 



m 



or 



{i — i\) -^ k = Ih 



w 



m 



. (159) 
. ( 159 
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If, therefore (cf. Fig. 203) the current I'l be swung round on to 
the ordinate of Zi and the field magnet resistance w^ be then 
measured off to a suitable scale on the same ordinate, then the 
resistance Ri for the increase of speed can be graphically 
determined by the aid of 
the two parallel lines III 
and IV. 

With series motors the 
field is weakened by putting 
a resistance i^i in parallel 
with the field winding, as 
shown in Fig. 204. If the 
drop of volts in the arma- 
ture and the influence of 

the armature reaction be again neglected, then the exciting 
current C^i corresponding to the speed iii (cf. Fig. 205) can be 
determined in a precisely similar manner to that employed for 
the shunt motor. With the series motor, however, we then 
have (cf . Fig. 204) :— 

C = Cm at « revolutions . . (160) 

C = (.'ml + ("... at vi revolutions . . (161) 
If Em denote the voltage across the magnet winding, then we 
have : — 

at n revolutions .... Em = Cm «\n . . . (162) 
at Hi revolutions .... E^i = C^i «',« = C'lii . (163) 
consequently 



ml = C'-^:/ and C — J' ^wi 



21' 



m 



Ih 



hence, from equation (161) : — 

^1 y-Tf •'^1 I " m /nr 

therefore 



w 



lii + n 



m 



1(1 = 



C'.„, w 



ml 



m 



c - c 



ml 



or 



(164) 



(166) 



(166) 
(166a) 



' ml "^ ((-' ^ml) — Rl "^ '''m • • 

It is therefore possible here again to represent Hi graphically 
(cf. Fig. 205), only that Wm and lii interchange their positions 
in comparison with the construction Fig. 203 for shunt motors. 
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In conclusion, particular attention must be called to the fact 
that the weakening of the field current must not be carried too 
far, as otherwise, with the normal torque a very great increase 
of the armature current would be necessary, and therefore the 
armature field would also increase considerably, so that, on account 
of the simultaneous weakening of the main field, the possibility of 
obtaining sparkless commutation would be rendered doubtful. 




« » 



nj 






'm 



Fig. 205. 

In general the field is weakened at the most by about 40 to 50 
per cent. 

The magnitude of the individual steps then depends on the 
jumps in speed which it is desired to make in passing from 72 to 
??!. By repeated use of the constructions indicated the problem 
can easily be solved. 

(c). Feeder regulators. 

If a feeder be taken off from bus-bars having a constant 
voltage, then the pressure at the distant feeding point varies 
with the load. The pressure at the feeding-point drops when 
the load is large and rises when it is small. If the feeder cable 
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be not of very ample cross-section, then very large variations of 
pressure may occur when the load varies conBiderably. In order, 
then, to keep the pressure at the feeding point constant within the 
limits El and Ei a resistance (called a feeder regulator) is inserted 
between the bus-bars and the feeder, and is gradually short- 



no. 2ft5A. 
circuited as the load increases. The object of this is to cause the 
resistance of the cable -f the resistance of the feeder regulator to 
remain constant. An automatic feeder regulator made by the 
firm of Griinwald, Burger & Co., of Vienna, is illustrated in 
Fig. 205a. The problem can be solved in the following way* :— 
Let C = E, volt (cf . Fig. 206) be the constant pressure 

). 172, and " Eleklrotecbnisclie Zeitscbrift," 
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across the bus-bars at the central station, OA = i^a and 
B = El the lowest and the highest permissible voltages 
respectively at the feeding point and hence € = A B the 
permissible voltage variation at this point. We now measure 
oflf the maximum current C^nax. amperes from to D. With 
this current the feeder regulator R is completely short-circuited, 
so that only the resistance of the cable m-j^ is in circuit. Since, 
now, the voltage of the feeding point may be permitted to fall to 
iJawhen the current is at its maximum, hence we obtain for the 
voltage loss in the cable : — 

-B,-i?2 = CW"'ir . . . (167) 
In Fig. 206 we have, however : — 

teina = FG'T-CG = (K,-E2)^C^.=:wK • (168) 
Hence tan a, and therefore also G F, gives a measure for the 

resistance of the cable w^ 
and, since the latter is 
known, the scale for the 
resistance is thus also 
fixed. 

If, now, the load current 
decrease from Cmax. to Ci, 
then the voltage loss in 
the cable falls in the same 
proportion, that is to say, 
therefore, the voltage at 
the feeding point increases 
and, in fact, this increase 
takes place along the 
straight line F H C, since 
the voltage loss is propor- 
tional to the current. At 
the point H the voltage has 
increased to Ei in correspondence with the new load current 
K = Ci. The first step vi of the feeder regulator has now to 
be switched in, whereby the pressure at the feeding point should 
fall again to E2* The following equations then hold good : — 

E, - El = Ci Wk (point //) . (169) 

E, - E2 = C'l' (u'jc + n) . . . (point L) . . (170) 




Fig. 206. 



SWITCHES AND SWITCHGEAR 221 

The point L can be found by the following reasoning : — As 
long as the current C„„. was existent, the pressure at the 
feeding point was DF =£a; hence the load resistance in the 
distribution Bystein behind the feeding point was obviously 

»■„,.„ = il'a -^ ('„„. = D F -^ D = tan /3 . (171) 

If, now, the cuiTent decrease from D = C„uir_ to 
K = Ci, then this simply means that the load resistance 
has risen to 

l^, = £;l-T-(•l = KH-^OK = tan^, . . (172) 

This resistance w'l remains unaltered, whilst the first step r, 
of the feeder regulator is switched in. The voltage therefore 
falls along the straight line H L 
down to L, 80 that then the lower 
limit of the voltage M L = A'a is 
reached and the current decreases 
to M = C,'. 

Ae can easily be proved by the 
principles of similar triangles, F N 
is equal to j'l (measured on the 
scale of resistance). We have 
thus :— 
E.= Ci'wi + Ci'(n + Wj,). (173) 

If this construction be repeated 
several times, we arrive finally at 
the minimum current C^u.. down ^'^- ^'*^^- 

to which it is desired to regulate. C\i„, is generally taken 
as not less than about 20 per cent, of C'„„., as otherwise 
the feeder regulator assumes too large dimensions. The 
magnitude of the individual steps n. 'a, Js . . . . can he 
taken directly from the diagram and at the same time 
the value of the current load at the various steps can 
be seen, so that the cross-sections can be determined 
accordingly. 

For load resistances and feeder regulators the individual 
steps are also not infrequently connected in parallel, which 
procedure renders a so-called " tan-contact arrangement " neces- 
sary, as is depicted in Fig. 206a (Griinwald, Burger & Co., 
Vienna). 
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C Material for the Resistances, 

Magnitude of the current load. Influence of the time-duration of 

the load. 

Resistance elements of metal in the form of wire or strip are 
generally employed. The construction of the individual resist- 
ance elements (which should preferably be standardised for definite 
current and resistance steps) should always be carried out in 
such a way that as great a length of wire or strip as possible is 
got into as small a space as possible, and that an ample dissipa- 
tion of heat is ensured. The conditions of working exert, how- 
ever, an important influence. Resistances, which have current 
flowing through them for long periods of time, or perhaps even 
permanently, should have as large a radiation surface as possible. 
Hence, for field regulators, feeder regulators and the like, the most 
appropriate forms are air-cooled strip resistances (or wires which 
are wound into helices — so-called " spiral resistances,*' which 
term, however, is not entirely appropriate). Resistances which 
have current passing through them for a short time only (such as 
starters, which can cool down in the intervals between the periods 
of use) should have as large a capacity for heat as possible. For 
these apparatus packet resistances, ** spirals *' in oil or in sand, 
strips or wires on supporting cylinders of porcelain or in suitable 
elements of asbestos cement and the like are very appropriate. 
Starters, which are to be permanently switched in (with speed 
regulation upwards or downwards) belong, on the other hand, to 
the first group, and are best designed so as to have ample air- 
cooling. 

Liquid resistances, although they certainly have the advantage 
of a continuous regulation, and are also generally cheaper than 
metallic resistances, can only compete to a moderate extent with 
the latter, owing to the uncleanliness involved in their use, and 
on account of the electrolytic eflects, which cause an undesirable 
variability of the resistance, and sometimes even the danger of 
explosion (especially in enclosed designs). In general, therefore, 
liquid resistances are only employed for starting three-phase 
motors of medium size. On the other hand, liquid resistances 
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are most advantageously used in load tests of generators, for 
instance, in the testing of finished installations of moderate or 
large size, in which cases, by reason of their simple construction 
(especially in view of the fact that in such cases the apparatus 
only requires to be of a temporary or provisional character) 
they often form the only practical solution of the problem. 
They are also useful for high-tension tests. 

For metallic resistances iron (which is very suitable for many 
purposes) is much used, and besides this nickel alloys, which are 
characterised in general by a very low temperature coeflScient, are 
also employed with advantage. This latter property (non-varia- 
bility of the resistance whether the heating be great or small) 
is of especial importance in regulating resistances, in order that 
a resistance, when once adjusted, may maintain its value 
permanently. For starters, on the other hand, this property is 
less important, since alterations of the resistance by 2 or 8 
per cent, can, in consideration of the small time under load 
(seldom more than about a half to one minute), hardly exert any 
effect. The specific heat of the resistance material is also of great 
importance, since the heating is dependent upon it. The specific 
gravity is less important and does not, in fact, vary very 
greatly for any of the materials concerned. Great importance 
is, on the other hand, to be attached to the specific resistance 
(or specific conductivity respectively) of the material, since the 
necessary quantity of resistance material depends in the first 
place upon this, when once the form of the section (strips or 
wires) has been chosen. 

The following table gives information about all these character- 
istic quantities. Materials have also been included in it which 
are only used in rare cases.* 

* Cf., Erlacher, " Elektr. Apparate," p. 7 (Bronze) ; Krausc, " Anlasser & Regler," 
p. 4; Niethamraer, *' Elektr. Masch.,'* App. u. Anl., Vol. HI., p. 282; Mosler, 
" Sdbstanlasser,*' p. 38 ; Taschcnbuch dor "Huttc," 18th c<litioD, 1902, Vol. I., 
pp. 270 and 448 ; Uppcnborri, " Kalender fiir Elcktrotechniker." 
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In order to find the permissible current load we use the general 
heating equation : — 

QdT = G8dt + K,0'tdT . . . (174) 
where 

Q (gram-calories per sec.)=the quantity of heat produced by 

the current, 
dr (seconds) .... =the time differential, 
G (grams) = the weight of the resistance through 

which the current flows, 
fi (gram-calories per lcm.^)= the specific heat of the resistance 

material, 

dt (Centigrade degrees) =the differential of the temperature. 

Kg =the heat radiation constant, 

0' (cm.^) =the radiation surface. 

Since now 

Q = O'l-i C^ w (gram-calories per second) . . cf. (4) 

G = yq'U (175) 

I' 
^f^' = p^f (176) 

0' = n'V (177) 

where 

y (grams per cm.®) = specific gravity of the resistance 

material, 
q' (cm.^) = cross-sections 

V (cm.) = length [of the resistance (wire or strip), 

iC (cm.) = periphery I 

/t' = specific conductivity (for centimetres and square centi- 
metres) 
therefore we have from equation (174) : — 

^ C^ dT = ys q' dt -f K, u' t dr . . (178) 
ic q 

If 

I = length in metres 

q = cross-section in square millimetres 

k = specific conductivity (for metres and square millimetres), 

then 

V = 100 / 



q = 100 (/ 
A' r- 10000 k I 



(179) 
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If C be constant, then we have from equation (178) . — 

/•Te /•?' /-Te 



024 



(rdr = ys(/' 



J 



clt + K, u' 



%f o 



tdr 



— C't, =y8q^T + Ksn' 



J 



tch 



(180) 



J 



Here the maximum rise of temperature T corresponds to the 
time Tg (end of the load), whilst the time r = o corresponds to 
the temperature rise i = o. 

Now the following different conditions of working occur : 

I. Load of short duration. 

II. Permanent load. 

III. Load of moderately long duration. 

IV. Intermittent load. 

The general heating equation (180) can be suited to these 
various conditions of working in the following way : — 

I. Load of Short Duration. 

When the load lasts but a short time, then the resist ance is 
only able to part with a very small quantity of heat to the 
surroundings by radiation and conduction, and this may there- 
fore be entirely neglected, and it may be assumed, with very 
close approximation, that the whole quantity of heat produced 
becomes stored up in the interior of the resistance and serves 
to raise its temperature. It will therefore be appropriate to 
give the resistance as large a capacity for heat as possible. 

In the present case we have thus in equation (180) : — 



K,xC 



tdT= ^0, 



J 



hence 



r = 



^•24 C^ 
A' y s q''^ ""' 



(181) 



0'24 



(-^r- 



m i^ T, 



(182) 



and thus, by equation (179) : 

T = ^ 

k' y s \ q 

We see, therefore, that the maximum rise of temperature T° C 
is proportional to the square of the current density i(= C -r- q) 

Q 2 
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and to the duration of the load r^ seconds. The ratio- 

0*24 
constant m depends upon k, y and ». The values of m = j 



k y 8 
are given in Table XXV. 

The material which is to be regarded as the most favourable 
for use in resistances will obviously be that which gives rise to 
the smallest heating effect for a given current strength and 
duration of load and a given cross-section. At the same time, 
however, the price must not be prohibitive. The temperature 
coefficient should also be low, so that large variations of resist- 
ance do not occur, and, finally, the material should possess 
sufficient strength and durability to cope with the heating 
during the long years of use, and should not give rise to any 
difficulties out of the ordinary in the building up of the 
resistance. 

In accordance with equation (182), therefore, only those mate- 
rials can come into consideration which have a low value for m 
(cf. Table XXV.). Graphite and carbon, as also Kruppin, must 
thus be considered as inappropriate. In the case of graphite 
and carbon there are also constructional difficulties, whilst with 
Kruppin the tendency towards the formation of rust forms a 
drawback. Certainly these resistance materials have very often 
been employed, and, indeed, in certain circumstances, with very 
favourable results ; but their use has, nevertheless, not become 
general. 

In view of the low values for m, aluminium, brass, bronze, 
copper, iron, platinum, silver, and zinc would appear to be 
appropriate for use. The employment of silver and platinum 
is, however, impossible owing to their high price, whilst the use 
of the various other metals is rendered impracticable by their 
high temperature coefficients. Iron alone can, under certain 
circumstances, be used with advantage, but even then it is 
necessary to hinder as much as possible the formation of rust 
(by annealing and tempering in oil). 

Mercury, on account of its liquid state, hardly comes into 
consideration, although individual instances of its employment 
occur (careful cooling is necessary).* 

• Cf., -'Elektr. u. Maschinenbau," Vienna, 1906, p. 422. 
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Lead is not applicable as a resistance material in consequence 
of its low melting point and its softness (the same applies to 
tin). Nickel has a favourable value for m, but possesses too 
high a temperature coefficient. 

There remain thus only the various nickel alloys with more 
or less mysterious names (extra-prima, konstantan, manganin, 
German silver, nickelin, prima-prima, resistan, rheotan, 
superior, etc.), which have a small temperature coefficient a, 
and at the same time possess very low values for m. The 
values of m for these alloys (cf. Table XXV.) lie approximately 
within the limits m = 0*9 to in — 2'1, whilst a hardly exceeds 
the value 0*07 per cent, per 1^ C, and, in fact, in practice can 
very often be considered equal to zero. In consequence of this 
these alloys have found almost universal application — all the 
more so since their mechanical properties, as also their durability 
(in damp air, etc.), give most satisfactory results with almost 
all sorts. 

If the values for in be taken as a basis for comparison, then 
the following series is obtained for the alloys given in Table 
XXV. :— 

Table XXVI. — (Nickel Alloys). 



Material. 


in. 


«% 


k m/mniS. 


Eztra-Prima 


. Dr. Geitner . 


0-089 


0-035 


3-33 


German Silver 




00948 


0-036 


314 


Nickelin 


Baflfle & Selve 


00964 


? 


294 


Nickelin II. 


V. D. Nickelwerke 


00968 


0-0168 


2'94 


German Silver 11. 


11 11 


0-1 IS 


0-0187 


2-57 


Nickelin 


Dr. Geitner . 


0118 


0-022 


2-60 


Konstantan 


11 11 • 


0120 


(-0005?) 


213 


Nickelin I. . 


V. D. Nickelwerke 


0122 


00076 


- 2-34 


Manganin . 


11 11 


0122 


( - 0-01 ?) 


2-33 


Kesistan 


Isabellenhiittc 


0127 


? 


1-96 


Manganin . 


i> 11 • • 


0128 


(- 0-01?) 


2-33 


Nickelin 




0138 


- 00235 


- 200 


la la . 


V. D. Nickelwerke 


0139 


-00011 


-^ 2-05 


Konstantan 


Basse & Solve 


0141 


-0005 


204 


Khcotan 


Dr. Geitner . 


0-143 


0023 


211 


Superior (platt.) 


V. D. Nickelwerke 


0198 


? 


1-27 


„ (gew.) . 


11 11 • 


0-216 


0072 


1-16 



The circumstance is worthy of notice that (with the exception 
of individual cases) the values of k decrease as soon as vi 
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increases. 




Fig. 207 shows this relationship very clearly, and it 

can be seen that the connection is 
not to be regarded as pure accident, 
since the individual points exhibit a 
striking accordance to a law of some 
sort, although, of course, this law is 
not yet known. In any case, how- 
ever, it can already be seen from 
this that nickel alloys with k = about 
2 to 8 and in = about 0-15 to 0*1 
ought to prove the most favour- 
able, for it is within these limits 
that the most of those resistance 
alloys lie which have established 
their value by the practical test of 
time. 



If, in equation (181), the 
numerator and denominator be multiplied by Z', then we 
have : — 

0-24 C«3 V __ 0-24 C^ w r. 

If, now, the body, which is heated by the current, consist of 
Gi grams^of specific heat «i, Ga grams of specific heat «2 and so 
on, then we have : — 

rj.^ 0-24 C;^T, ^ 0-24 C^ w T, 

G1H1 + G2H2+ . . . ^{Gs) • ^^^**^ 

This equation can be used when the resistance material, in 
order to increase its capacity for heat, is wound on cylinders of 
porcelain, etc., or is embedded in sand or asbestos cement or the 
like, or, finally, is immersed in oil. In any case, however, a 
construction of this sort is only to be recommended when the 
load is of short duration and when the attainment of as large a 
capacity for heat as possible in the ** resistance element '' is 
the most important factor in design. 

The dark red glow, which commences at about 400° C, may 
be considered as the upper limit for the permissible heating, 
although it is, of course, only possible to go as far as this when 
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the construction is fireproof. It is generally advisable to keep 
below these limiting values, since otherwise the contact plate 
becomes too strongly heated and accidentally occurring overloads 
may directly endanger the resistance. For loads of short dura- 
tion (i.e., when the resistance is seldom used, so that it can 
always completely cool down during the intervals between the 
periods of use) one should in general not go above about 300° C. 

With more frequent use or longer periods of load respectively 
it is advisable to take about 200° G. as the upper limit, whilst 
for permanent loads or intermittent running with short periods 
of rest the heating should not exceed about 100° to 150° G., 
particularly if the resistance be directly mounted on to the 
switchboard. 

When more exact information is not available, ordinarv 
starters are generally calculated for a duration of load of about 20 
to 30 seconds. Now it frequently happens that the starter lever 
is moved more slowly than the conditions of starting of the 
motor should permit. In such cases the resistance naturally 
remains longer under load than was perhaps intended in the 
design and it therefore becomes more strongly heated. On this 
account it is advisable to be cautious in the choice of the upper 
limit. For wire coils mounted freely in the air we may go to 
about 250° G., and for wires or strips wound on supports 
to about 300° G. There remains then still sufficient margin 
between this and the upper limit (about 400° G.). 

In the calculation of the cross-section of the resistance wire 
or strip we should restrict ourselves to standard values. The 
following standards are to be recommended : — 

(a.) Wires. 

d = 0-2, 0-3, 0-4, 0-5, 0-6, O'S, I'0, 1-25, 1-5, 175, 2*0, 2*25, 25, 

2-75, 3-0 mm. 

(b.) Stnps. 

Breadth 6 = 2, 5, 10, 15, 20, 25, 30, 85, 40, 45, 50 mm. 

Thickness 5 = O'l, 0*2, 0-3, 0*4, 0*5, 0*6, 075, 1'O mm. 

Should the calculation yield values which lie between these 
standard values, then the next larger cross-section must be taken 
for the design. 
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Example for the calculation of the cross-seetion. 

The resistance for a motor starter is to be calculated. Let 
C = 50 amps., t^ = 20 seconds duration of load ; further let 
the end temperature be 250° C, so that for an air temperature 
of 20° C, T = 230°. The resistance is to amount altogether to 
w = 4*2 ohms and the material is to be nickelin (in = O'llS, 
a = 0-022 o/^, k = 2-50, Dr. Geitner, F. A. Lange). 

From equation (182) we have : — 

.a_ T 230 _ ,._ 

' "•^;;it:- Mi8x"2o — ^^^ 

hence c — '^lO amps, per sq. mm. (for load of short duration), 
consequently, for c = 50 amps. : 

(]r = C -r- i = 50 -T- 10 = 5 sq. mm. 
which corresponds to a wire diameter 

d = 2-52 = ^ 2-5 mm. 

Nickelin wires of thi'5 strength can still be quite easily worked 
(i.e., bent into hooks, wound into spirals, etc.), for the construction 
of the starter, so that we may retain this value. 

We now calculate the resistance for Zi = 1 m. length with 
d = 2*5 mm., and we can then find the necessary total length 
of the resistance material. W^e have thus (for d = 2*5 mm. and 



= ,.-):. 



w'l =-r^ =0-0815 ohms, 
A' q 

w 4*2 
hence / = - = r. ?roTr = 51*5 m. total length. 
«i 0*0815 ° 

It is also of value to calculate the number of watts per kilogram 
of the resistance material. The specific gravity is y = 8-72 
grammes per cubic centimetre, hence we have : — 

G = yq' V iq' and U in cm., cf. 175), 
and we thus obtain : — 

IT 

q =z d^ = 4*91 sq. mm. . . . q^ = 0*0491 sq. cm. 

V = 100 1 = 5150 cm. 

G = 8*72 X 0-0491 X 5150 = -^ 2,200 grams. = 2*2 kg. 
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The consumption in watts is 

C^ w = 502 X 4-2 = 10500 watts, 

hence we have 

C^ w 

- , = ^ 4780 watts per kg. 

We obtain now as a more exact value for the current density i 
with d = 2'5 mm. and hence q = 4*91 sq. mm. : — 

i = (7 -7- a = 50 -T- 4*91 = ^^ 10*2 amps, per sq. mm. 
therefore, from equation (1^2) : — 

r = mi2^, = 12-26 r,. 

In every second, therefore, the temperature rises by 12*26° C. 
If, then, the initial temperature be 20° C, we thus obtain the 
following final temperatures (approximate values — cf. equation 
182) :— 

after r, = 10 seconds . . . 20 + T = 20 + 122-6 = 142-6° C. 
„ r, = 20 „ . . . 20 + r = 20 + 245-2 = 265-2° C. 
„ r, = 30 „ ... 20 + T = 20 + 367-8 = 387-8° C. 

The resistance will therefore not be directly endangered even 
with T^ = 30 seconds (instead of the 20 seconds assumed), so 
that there is sufficient security — all the more so, since, in 
consequence of the heat radiation and conduction, the rise of 
temperature is greatly lessened when the duration of the load 
is longer. 

II. Permanent Load. 

With a permanent load the temperature rises at first quickly 
and then more and more slowly, until finally it approaches a 
limiting value T, at which exactly the amount of heat developed 
is given up again by radiation and conduction to the surround- 
ings — i.e., a stationary condition between the heat developed and 
the heat dissipated is attained. The law for the ** heating curve " 
which thus arises, will be developed later. 

From the general equation (180) the relationships for this special 
case can be deducted by neglecting the value (y « q^ T), since, 
after the attainment of the stationary stage mentioned, no further 
quantity of heat is necessary to raise the temperature, i.e., there 
will be no further quantity of heat stored up. Meanwhile, 



Tubes, vertical K' = 150-400 

„ horizontal . . . . K' = 100 - 300 
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however, t has become equal to Tand remains constant, and thus 
we have from equation (180) : — 

consequently 

0-24 C J' , = 0-24 C «• = A', «' l'T = K. 0' T, 

where 0' (in sq. cms.) denotes the radiation constant. We have 
thus : — 

T- jg^ -Q7--1L 0^ • (185) 

For the constant K' Niethammer * gives the following values : — 

NickeUn spirals K' = 150 - 500 (mean about 300). 

(the outer sur- 
face only to be 
considered). 
Packet resistances of Nickelin K' = 100 — 200 (mean about 150). 

Cast iron spirals K' = ^ 1000. 

Oil starters K' = -^ 500 (()' = surface of case). 

Thus, for example, for the resistance calculated above, we 
would have from equation (185) with A: = 2*50, C^ w = 10500 
watts. A'' = '^ 800 (Nickelin spirals in air with limited venti- 
lation), I = 5150 cm., d = 2-5 mm. = 0*25 cm., ' = 5150 X 
0-25 X 77 = 4050 sq. cm. :— 

T = 300 X ^^^^^- = 777° C. (!) (for permanent load). 

We see, therefore, that the resistance designed for short periods 
of use cannot be employed for permanent load. 

In order, now, to calculate a resistance for permanent load, 
such a course as the following may be adopted (cf. 176, 177, 185) : — 

T = K' C^ rr^ ,... (n' . . . T . . . in cm, fc' . . . cm./cm.^) (186) 

For round wires we have : — 

n' q' = d'^ — . . . {d' ... in cm.), 



consequently 

k'd 

* " Elektr. Masch., App. u. Anlagen," Vol. III., p. 279 



T = K' C' jy~; ,--^ (187) 
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where, according to equation (179), k^ = 10000 k (cf. Table 

XXVL). 

If we fix about 150° as the upper temperature limit, then 
for 20° atmospheric temperature with (7 = 50 amps., and 
IC = 300 we have :— 

T = 130O = 300 X 50^ X ,oo60>^Xd^^^^ 
d'3 = 0-0923 

d' =z -^ 0*452 cm. = -^ 4*5 mm. 
Wires of over 3*0 mm. are, however, already somewhat more 
difficult to handle, and, besides this, the surface, which should be 
made as large as possible for permanent load, is relatively smaller 
with thick wires than with thin wires. It is therefore advisable 
to employ in the present case two wires connected in parallel, of 
which each one has only to carry the current C/2 = 25 amps. 
Then we have, however, from equation (187) : — 

d'^ (cm.) = ,, ;f;, = 0-0231 

rf' = ^ 0-285 cm. = 2-85 mm. 
We can now take either 2*75 mm. or 3*0 mm. according to 
whether we can allow a somewhat greater rise in temperature or 
not. If we take d = Q mm. = 0'3 cm., then we have from 
equation (187) : — 

T=K' \^^j lOOOOTrf^^ ~ "^^^° ^' ^^^' ^^^ '^^ temperature, 
so that, even in warm rooms (for instance, with an atmospheric 
temperature of 30° — engine or dynamo room) the maximum 
temperature only reaches about 140° C, thus allowing even small 
overloads of long duration to be carried. 

The current density i for two wires connected in parallel 
(d = 3 mm., q = 7*07 sq. mm., C = 60 amps.) is : — 

i = C -7- 2 (2^ = 3*54 amps, per sq. mm. (for permanent load). 

It is of interest now to consider the law according to which 
the current density i for a constant cross-section q varies with 
the temperature T. From equation (186) we have : — 

T^K^i^y^, .... (188) 
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(f (V 
Since - , = -7, hence we have : — 

4A' • • • • ^pQp gnj a^ fc' . . . cm/cm.^)) ^ ^ 
Thus we have, for example, with the above values : — 
T = 111^ A'' = 300 iV = 0-3 cm. k' = 10000 k = 25000 

4 k' T 

r" = ^^r4r = 128333 
A' a' 

i = V 123833 = 351 amps, per sq. cm. = 3'51 amps, 
per sq. mm. (3*54 in above calculation). 
If, therefore, the diameter of the wire d mm. (d' cm.) be 
constant, then we have: — 

r=A"t2andA" = 7v'^, . . (190) 

In the present case 

and we have : — 

for T = 200° C . . . i = 472 amps, per = 4*72 amps, per 

sq. cm. sq. mm. 

300^ C . . . 577 „ „ = 5-77 „ „ 
400° C . . . 667 „ „ = 6-67 „ „ 
500° C . . . 745 „ „ = 7-45 „ „ 
In accordance with these values Dr. Mosler * has obtained dull 
red heat (corresponding to somewhat more than 500°) with a 
wire of the same material of 2 mm. diameter at 7'97 amps, per 
sq. mm. 

The use of ribbon-shaped strips of the resistance material 
(strip resistances) in order to obtain a greater cooling surface is 
very much to be recommended, especially for permanently loaded 
resistances. Certainly the price for strips per kilogram is about 
10 per cent, higher than for wires, but, on the other hand, a 
considerable saving on the total weight can be effected. For the 
ratio 6 -T- 6 (thickness -f- breadth) we can take about 1 : 50 and 
hence we can put : — 

h = xb . . . {x = ^50) . . . (191) 



* i. 



Self-starters" ("Selbstanlasser"), p. 40. 
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We have then from equation (186) (since 8 < < 6), for 

»<' = 2(t' + 8')=~2t'| 

,,., b'^ ; (f and 8' in cm.) 

<;' ^ 6' 6' = — 

"« =-^=~Too ^'^^^ 

and since 

¥ = 10000 A- 
we have : — 

'^=^"^4661-^'^ • • • (^^^> 

We obtain then for the numerical values of the example 
considered above : — 

1.3 _ K'C^ __ 800X50^ _^.^^ 
^ ""400Ar-400x2-5xl80~^ '^^•^^•' 
// = 1-79 cm. ... 6 = 17*9 = -^ 18 mm., 
6=6-^a; = 18~60 = 0*36 mm. 
We take t = 20 mm. and h = 0*35 mm., and thus have 
5 •= 6 S = 7 sq. mm. and n = 2 (6 + 6) = 40*7 mm. 

The current density is : — 
i = C-f-5= 50-r-7 ='^ 7'15 amps, per sq. mm. (for per- 
manent load). 

The relationship between the heating and the current density 
can be estimated from equation (188). With i in amps, per 
sq. cm, we have : — 

and hence, with 5' = 0*035 cm. and K' = 300 we have : — 

'^' = - ^«o '^ 2IS-000 = 21 i^ 10-. 

and thus with i = 7*15 amps, per sq. mm. = 715 amps, per 

sq. cm. 

T = 21 X 7152 X 10-5 _ 107.4^ c. 

From the equation T = 21 i^ 10" '^ we have further : — 

for T = 200° C . . . I = 975 amps, per = 9.75 amps, per ' 

sq. cm. sq. mm. 

= 300°C 1195 „ „ =11-95 „ „ 

400° C 1880 „ „ =13-8 „ „ 

500° C 1544 .. „ =15-44 



»» »> — ~ ■*«^ '^ tf if 
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According to Dr. Hosier's experiments* with strips of the 
same material, dark red heat (something over 500° C.) was 
observed with 15*97 amps, per sq. mm. — a result, which shows 
a very satisfactory agreement with the above calculation. 



Finally the necessary weight G of the Nickelin strip for 
w = 4*2 ohms (as before) must be calculated. For I = 1 m. 
strip (20 X 0'35 mm.) we have as the resistance : — 

"■^ = Ti = 2-5^ = «-0^^2 ohm. 
hence the total length is : — 

W 4:'2 

1= — = - _^_- = 73-5 7/1 ... r = 7350 cm. 
wi 0-0572 

Since the cross-section <; = 7 sq. mm. ... q^ = 0*07 sq. cm., 

hence the weight with y = 8-72 grams per cu. cm. is 

G = yq' V = 8-72 X 0'07 X 7350 = 4480 grams = 4-48 kg. 

(strip), 

therefore we have for permanent load in the present case : — 

C^ IV _ 10500 ^^.^ ,, , 

-Q ^.^Q- = ^ 2340 watts per kg. 

The cooling surface is : — 

O' = V w' = -- 2 Z' 6' = 2 X 7350 X 2 = 29400 sq. cm. 
Hence we have at disposal : — 

0' __ 29400 ^_ ^, 

0^—16500"= ^'^ '^- ^^'^ P^' ^^"• 
Since the rise in temperature T amounts to 107*4° C, henca we 
have 

for 1 sq. cm. with 107*4° C. rise in temp. ... 0*358 watts. 
„lsq. dm, „ 107-4° C. „ „ ...35*8 
„lsq. dm. „ 1°C. „ „ ... 0*334 „ 

For Nickelin spirals (air-cooled) Niethammert gives the 
value 0*2 to 0*8 watt per sq. dm. per 1° C. 



The preceding example makes it suflSciently evident that, in 
consequence of the permissible current density for strip being 

* " Selbstanlaseer," p. 40. 

t " Elektr. Masch. App. u. Anlagen," V^ol. III., p. 280. 
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about double that for wire, strip resistances are decidedly to be 
preferred for permanent load. They are, as a matter of fact, 
most extensively employed, and are made up in a very great 
variety of different designs. 



In order to make the comparison perfectly complete, we will 
now also estimate the weight and the values of the " watts per 
kilogram," and " watts per cubic decimetre per 1° C." for the 
resistance for permanent load calculated above, which is made up 
with two wires, each of 8 mm. diameter, connected in parallel. 
Each oi the two halves must evidently be made of resistance 
2 It; = 8*4 ohms, in order that, when connected in parallel, they 
should give 4*2 ohms. On the other hand, the current flowing in 
each half is only (7/2 = 25 amps., so that in each half there is a 

watt consumption of . X 2 X m? = — ^ = 6250 watts. We 

have now ([ = 7"07 sq. mm. and 7c = 2*5, hence the resistance 
iri for Zi = 1 m. is : — 

«i = /- = 0-0566 ohm. 
k q 

hence each half must have the length 

Z = — = 148-6 m. 

Consequently the total weight of the resistance wire in both 

halves together is 

G = 2l'q'y 

where V = 14860 cm., q' = 0-0707 sq. cm. and y = 8*72 grams 

per cu. cm. Hence we have : — 

G = ^ 18300 grams = 18*3 kg. ! 

We have therefore : — 

C^w 10500 ^_. ., , 

"(T ~ "l8-3~ ~ ^ ^^ ^' 

For the total surface of the resistance wire (both halves 

together) we obtain (with d'=0-8 cm. diameter) : — 

C = 2 r d' 77 = ^ 28000 sq. cm. = ^ 280 sq. dm. 

Consequently we have : — 

0' _ 28000 _ 
— Ti, — = 7x-^/r= 5fi 57 sq. cm. per watt. 
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from which, since the heating was estimated for 7'=111®C., we 
have the following characteristic of the resistance : — 

Per sq. cm. for 111° temperature rise . 0*375 watts 
„ sq. dm. for 111° „ . 37'5 

„ sq. dm. for 1° „ . 0-338 

which is thus almost the same value as in the former case (0*334) 
for the strip resistance. 

Whilst, however, the wire resistance requires 18 3 kg. of 
Nickelin, only 4*48 kg. (i.e., only about one quarter of the 
amount) are necessary for the strip resistance. 

The decided superiority of the strip resistance is therefore 
entirely beyond doubt. 

III. Load of Moderately Long Duration. 

Conditions of working frequently occur which can no longer 
be considered as loads of short duration, but at the same time 
can still hardly be regarded as permanent loads. In order in 
such cases to be able to decide correctly upon the dimensions of 
the resistances, it is necessary to determine the (fcneral law of 
heating and then to find the corresponding numerical values for 
the special case under consideration. 

Exactly tchen a load must no longer be regarded as one of 

short duration cannot be absolutely defined. The following 

values can be used as a good guide for load of short duration * : — 

Air-cooled resistances . . . . r < 120 seconds (2 minutes). 

Packet resistances . . . . r < 300 seconds (5 minutes). 

The problem of pre-determining the final temperature for a 
longer period of load can be solved analytically ; but it yields a 
clearer insight into the details if the problem be solved 
graphically. It is therefore necessary, in the first ' place, to 
make a graphical representation of the general equation of 
heating, i.e., to find the so-called "heating curve."t 

For this purpose we revert to the differential equation of the 
theory of heating : — 

QdT=zGsdt + K,0'tdT . . . (174) 

* Niethammer, " Elektr. Masch., App. u. Anlairen," Vol. III., p. 280. 

t Cf. " Eleklrotechnik und Mascliiueubau," Vienna, 190G, No. 52, p. 1U39. 
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Gy 8, and Kg are constant, and we can therefore write : — 

OK ^'^^ ' • • • ^^^^^ 
We have then 

{~^K\-^)'^^ = ^odt . . . (196) 

Since, however, Q=0'24 C^/r, we have from equation (185) : — 

^^=T . . . . (197) 

which is the maximum heating (rise in temperature) attained 
with continuous load. 
We thus have as the differential equation of heating : — 

dr = ^ojr^^ .... (198) 

In this form the variables t and t are already separated ; t^ 
and T are constants. By integration we obtain : — 

T = -T, log, (T-t) + c . . . . (199) 
The integration constant c can be determined from the initial 
conditions, for with r = o we have also t = o and consequently 

0= - T„ logc T + c (200) 

hence 

r = 7, [log, T - loge (T - t) ] 

T 

T = To log^ q, _ . .... (heating curve) . (201) 

This curve is shown graphically in Fig. 208. It has one or 
two curious properties which are worthy of mention, since they 
render a very simple construction of the curve possible. 

The point A of the heating curve is obtained by putting 
T = T^. We then have log^ [T-^{T— t)] =1, consequently 
r -r- (T — f^) = € = 2-71828, and 

t^ = 0-63212 r . . . . (202) 

Here 2" is the maximum temperature-rise for permanent load 
— a value which can be estimated from equation (185) with the 
corresponding value for K\ The horizontal line A^ A" is thus 
also fixed. The height of the point A' can, however, also be 
determined easily from equation (202), and it is therefore now 
only necessary to find the abscissa A' = r^. 

e. R 
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From equation (198) it follows that : — 

S=T-^. .... (203) 

hence we have for the origin {t = o and t = o) (commencement 
of the heating— cf. Fig. 208) 



rfr 
(It 



= 7f,= cot <t> 

tort =2 T ^ 



(204) 



If, now, it be assumed that the whole quantity of heat pro- 
duced be employed to raise the temperature and that no heat at 




r 

Seconds 



Fig. 208. 



all be radiated, i.e., if (tOKsdr) = in equation (174), as 
would be true for the ideal case of load of short duration 
(cf. equations 181, 182), then we have from equations (195) 
and (197) :— 






(205) 



Since, however, Q, G, s are constant, therefore equation (205) 
represents a straight line passing through the origin. From 
equation (204), however, we must have : — 

r = tan (/) X r^ . . . . (206) 
This denotes that the straight line A" drawn througli the origin 
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at the angle ^ with the axis of time A' gives the law of 
heating, under the assumption that no heat be radiated. It 
further shows that in this case the rise of temperature T is 
already reached after the elapse of the time r^ (time-constant). 
The general equation of the straight line A" is 

f = tan </) X T . . . . (207) 
and equation (206) merely represents a special value of this. 
Equation (206) is, however, in character identical with equa- 
tion (182). 

The relationship between t and r can therefore be calculated 
in the way explained above (for load of short duration), and we 
obtain thus the straight line A", and at the same time the 
point A" and .the abscissa A' of the point A of the heating 
curve. 

By means of the calculation of the two limiting cases : (I.) load 
of short duration and (11.) permanent load, we are thus in a 
position to determine the time-constant r^, and the shape of 
the heating curve (limiting tangents for t© = o and for r = oo), 
whereby the point A is fixed at the same time. It now only 
remains to write down one or two relationships with regard to 
the tangents of the heating curve (at and at A). 

For the origin O we already found that : — 

tan </) = - . . . . (206*) 

whilst for the point A we obtain (from equations 202 and 
203) :— 

(I) 
l/^ = tana = l— ^=5l1/ . . (208) 

Now, in Fig. 208 :— 

SO that the angle a can easily be constructed. 

The left-hand part of the curve is thus sufficiently determined 
by the points and A and the tangents at these points. On 
the right hand side, however, the curve asymptotically approaches 
the horizontal, A^A^' for we have from equation (201) for t = T : — 



' , 1 



R 2 



244 



SWITCHES AND SWITCHGEAR 



If, finally, it be desired to determine after what interval of time 
the rise in temperature comes to within n % of the theoretical 
maximum temperature rise, then we must put : — 

^=^(l-j^). . . . (209) 

and we have from equation (201), 

1 100 ,^,^, 

T = To lOge . . . . (210) 

H 

This yields the following numerical values : — 



Tablb XXVII. 



Error n % 

T , 100 
— = log — . 



10 
2-803 



8 
2 526 



6 
3-814 



5 
2-996 



4 
8*210 



S 
8'50r 



2 
8*912 



1 
4-605 



0-5 
5*208 



The above numerical values are plotted in Fig. 209. With the 
help of this table any desired points on the right-hand side of the 

curve may be found. For 
Vto example, for t = 3 r^ . . . 

7i =z -^ 5 o/q . . . , hence 
t = ^ 0-96 T. 

In order to illustrate 
the foregoing theoretical 
results by the aid of a 
numerical example, we 
will take the example 
considered in I. (load of 
short duration). We 
obtained (see p. 283) : r= 
m ? r, = 12-26 r„ so that here the equation of the straight line 
A" is t = 12-26 T. After choosing suitable scales for t and r 
we can therefore at once draw in the straight line OA" (cf. 
Fig. 210). With permanent load the same resistance would 
attain the final temperature T = 777° C. (cf. p. 234). The 
straight line A„ A" and the position of the point A is thus also 
determined. We find then from Fig. 210, with a sufficient degree 
of accuracy, r^ = -^ G3 seconds. By the construction shown in 
Fig. 208 we can now find the point A, if we calculate 7'—- e = 777 




Fio. 209. 
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2i5 



-7- 2*718 . . . = 286° and mark oflf the corresponding distance 
in the scale of ordinates from A" downwards. By the aid of the 
points A'" and A/k> which are easily found, we can then also 
draw the tangent at A (see Figs. 208 and 210). We now find 
another point, B, on the heating curve, and we can then draw 
the latter with a sufficient degree of accuracy. We may choose, 
for example, for the point B the value, which comes within 
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Fig. 210. 



10 per cent, of the maximum heating. In accordance with 
Table XXVII. we then have (cf. equation 209):— 

t = T(l^ jJq) = 777 (1 - 0-1) = - 700° C. 

t = 2-803 r^ = 2-303 X 63 = --^ 145 seconds. 

As soon, however, as the curve has been drawn through the 

points 0, A, B, thus obtained (which is rendered much easier 

ow4ng to the fact that the tangents at and A have been 

drawn) then we can read oflf from Fig. 210 the actual rise 
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in temperature after any desired time r. We thus have, for 
example : — 

after r = 20 seconds . . . . f = ^ 200'' C. 

r = 40 „ . . . . f = ^ 860"^ C. 

r = r, = 63 „ .... f = 777 - 286 = 491° C. 

r = 80 „ . . . . ^ z= ^ 550° C. 
and so on. 



The method which has just been employed for the rapid 
determination of the heating curve, can also be used to find 
experimentally the heating conditions for a resistance which is 
already existent. In this case it is no longer necessary to find 
by experiment the whole of the heating curve point by point, but 
it is sufficient to determine experimentally any two points Mi and 
Ma. For this purpose it is only necessary to observe the time r 
and the corresponding temperature rise tP. In fact, we can even 
content ourselves with finding one single point Mi only (time 
Ti and temperature rise fi), provided that we ascertain besides 
this the upper temperature limit T (line A^ A ") by watching the 
thermometer until it no longer rises, and then noting the 
maximum temperature so attained. Sometimes it is also advis- 
able to check the values of the temperature as read on the 
thermometer by means of resistance measurements. 

IV. Intermittent Load. 

Both . in I. (load of short duration) and in III. (load of 
moderate duration) it was assumed that the period of rest, which 
follows the period of load, lasts sufficiently long for the resist- 
ance to cool down again completely. If this assumption be not 
in accordance with the conditions, i.e., if the interval between the 
individual periods of load be so short that the resistance can only 
partially cool down, then we term this kind of load " intermittent 
load." It is easy to review what occurs in such a case. When 
the resistance is put under load the first time, the temperature 
rises to a certain value Ti ; in the succeeding interval of rest it 
then falls again to T^ ; with the second load the temperature 
again rises from 2\ to Tq (the temperature Tq is higher than Z'l, 
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i.e., the temperature is now higher than after the first load 
period) ; then cooling takes places once more, then heating again, 
and so on, until finally a maximum limiting value, T', is reached. 
This maximum value is always smaller than the maximum 7^ for 
permanent load. 

A mathematical treatment of the heating conditions for inter- 
mittent load can only be carried out in a sufficiently comprehen- 
sible manner when the individual periods of load are equal to 
one another, and the individual intervals of rest are also equal 
to one another. This is a case which is of the greatest 
importance in practice. In all other cases the problem can be 
sufficiently accurately solved by graphical methods, provided 
that the magnitude and order of succession of the individual 
periods of load and intervals of rest be exactly known. If, how- 
ever, as occasionally occurs, no reliable data of this sort be avail- 
able, then it is best to calculate the resistance for permanent 
load. 

The mathematical treatment of the problem was first carried 
out by Oberingenieur E. Oelschlager,* and, as a matter of fact, 
the case with which he dealt was that mentioned above — viz., 
where the individual periods of load are equal to one another and 
the individual intervals of rest are also equal to one another. 

In order to be able to solve the problem we must, in the 

first place, determine the law of the cooling curve. For this 

purpose it is only necessary to substitute in the general heating 

equation : — 

QdT = G8(lt + K,0tdT . . . (174) 

the value of the heat produced 

QdT=zO (211) 



(195) 



Then, since 






Gs 


we thus have 






(h = - T„ - 



(212) 

and, by integration, 

r = - r, loge f + c' . . . (213) 

• "Elektrotechnische Zeitschrift," 1900, p. 1058. 
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The integration constant c' can again be calculated from the 
initial conditions, for we have 

tor T =zO .... t = T, 
hence 

0=-r,loger+^' .... (214) 
consequently 

T 

T =ztq loge T • • • (cooling curve) . (215) 

If we put here t = o, corresponding to the complete cooling- 
down of the resistance, then we have 

T = T^ loge 00 = 00 , 

which means that theoretically a complete cooling-down is only 
attained after an infinitely long time. For practical purposes, 
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however, it is sufficient to determine what period of time is 
required for the rise in temperature t to come within n % of the 

zero value. If, therefore, in equation (215) we put t = 



100 



r, 



then the corresponding time will be 

1 100 ,^^^, 

r =z r^ loge — . . . . (216) 

which agrees exactly with equation (210). The numerical 
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values in Table XXVII. (Fig. 209) hold good therefore in this 
case also. 

The cooling curve is shown in Fig. 211. The relationships 
expressed in the following equations hold good for this curve. 

For T = T^ we have (point B of the cooling curve) from 

equation (215) 

loge (Tltj,) = 1. 



rwi 



(217) 



tj,= - = 0-86788 T . . . 
whilst for the tangent at the point B we have : — 

tan /3 = ^^ = '- (general expression), 

(IT Tq 

hence with tB = T-i- € we have 

t T 

tan^B=-^=-; 

therefore, since y = 180° — /Sjj, 

tan y = — tan p/t = . 

The construction for the tangent at point B follows from this. 
It is shown in Fig. 211. 

The tangent at C can also easily be found with tc = T and 
tan </i = - tan t/f = — (T/O. 

It is therefore possible to find — either from a previous experiment 
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or, in the case of a resistance not yet designed, by pure calculation — 
the necessary data for the construction of the heating and coDling 
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curves. At the same time also it becomes easy to deter- 
mine the conditions, which are of importance in intermittent 
working. 

During the period of load a = 72 — ri seconds (see Fig. 212) the 
value of the temperature-rise increases along the heating curve 
from ti to ta, whereby from equation (201) 

n = ^c,iogc[r~(r-0]| 

T2 = rJog.[T^{T-h)]- . . (218) 

and a = Tg — Ti ) 

If, further, t = 74 — 73 seconds be the duration of an interval of 




J SfQOfK^S 
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rest, then the value of the temperature-rise falls in this time 
from ^3 to ^4 in accordance with equation (215), so that 

tq = T Jog, (T -^ t^y 

u = Tjog,{T'T-U)^ . . . (-219) 
and /> = T4 — T3 ) 

In the stationary stage the duration b of an interval of rest 
must be just sufficient to permit the temperature-rise occasioned 
by the preceding period of load to disappear again completely, 
i.e., we must have (see Fig. 213, which shows clearly the tempera- 
ture variations) : — 

I. Temperature-rise at the end of the period of load = Tempera- 
ture-rise at the commencement of the interval of rest, 

i.e., f2 = t3 . . . . (220) 
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II. Temperature-rise at the end of the interval of rest = 
Temperature-rise at the beginning of period of load, 

i.e., U = ti . . . . (221) 
We thus obtain from equation (218) : — 

a = 72 - n = r, log, [(T - fO^ (r - h)l 
and from equations (219), (220) and (221) :— 

h = U — TQ = T^ lOge (^3 -T- ^4) = T^ loge (^2 -f" h). 

If we put 

a = a -^ r^ and )3 = /> -^ r« . . . (222) 
then we can write the equations for a and 6 in the following 
form : — 

T - h 



e* = 



(223) 



From this, however, it follows that 

/i = T - €- (7^ - h) = h e-^ 
and hence 

*"''=J'-^(|-0- • • • (^''> 

If now we put further 

r-f-f2=i^anda + /;=P . . . . (225) 
where P is the duration of a complete period (time of load + 
interval), then we have : — 

^ = ^= - log. [i>- «"(;'-!)] . (226) 

If now a = (a -7- T,) be added on both sides and the whole 
equation be then divided by a, then we have 
a a a a 



o + ^ « + i P a-log. [i>-««(7>-l)]* 
We therefore have finally from equation (222) 



a_ 1 



^ l-l°log.[p-«»'^o(p-l)] 



(227) 



For the various values of j), (a -f- P) and (a -=- rj Oelschlager 
gives a table, which is embodied in somewhat different form and 
with a little extension in the following two tables. 
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If, in the first case, we determine those values for p and for 
(a -7- O, for which (a -f- P) = 0, then we obtain : — 

Table XXVIII. — (a -i- P) = for the following Values. 



{a -^ O = 



(a ^ T,) = 





00 

10 
1-58 


01 
10-5 

1-2 
1-433 


0-2 
5-55 


0-3 
3-86 


1-5 
1-286 


20 
1-16 



0-4 
3 04 



2-2 
1125 




0-8 
1-816 



3-0 
1053 



A large number of frequently occurring values for (a -r- P) 
> as a function of p and of (a -r- O is given in the next 
table. 

The numerical values from tables XXVIII. and XXIX. are 

plotted in Fig. 214, so that intermediate 
values may also be determined. 

The significance of (a -r- P) and of 
(a -r- O in equation (227) is at once 
evident, but the meaning of the ratio 
p = (2' -T- ti) requires some further 
explanation. 

As can be clearly seen from Fig. 213, 




fa (= fg) is the temperature-rise, which the resistance would 
have with the load concerned in intermittent working, whilst 
with the same load in continuous working the temperature-rise 
would be T. 

If, now, we have calculated the resistance for permanent load 
for the maximum temperature-rise fsi then with a permanent load 
p times as large, it would have a temperature-rise of T ; but 
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with an intermittent load p times as large it would only have the 
same temperature-rise ^a. We can thus write down the following 
definition (from Oelsehlager). : — 

__ T _ Overload 

*^ ~ ta "" Normal permanent load ' • v > 

In order to make use of the theoretical results in a numerical 
example for the case of intermittent working also, we will deter- 
mine how the periods of load a and the intervals of rest b must 
succeed one another, when, with the resistance calculated above 
(I. and III.)> the temperature-rise fa is not to exceed the 
value 375° C. We will take 25® C. as the initial temperature 
so that the maximum temperature does not exceed 400® G. 

For the resistance in question we had obtained the following 
values : — 

r . . . . =: 777® C. temperature-rise for permanent 

load ; 

To . . . . = 68 seconds (time constant) ; 

C^X w . = 10500 watts ; 

C . . . . = 50 amperes ; 

IV . . . . = 4*2 ohms ; 

d . . . . = 2*5 mm. Nickelin wire; length Z = 51*5 m.; 

G . . . . = '^ 2*2 kg. weight of Nickelin wire. 

With <2 = 875® and T = 770° we have from equation (228) :— 

^' 777 
^=^^=875 = ^2-07. 

As can be seen from Fig. 214, {a -r- O must be less than ^ 0'7, 
if the required condition (^a ^ 375®) be to be fulfilled at all, 
for with p = 2*07 the other curves [{a-r- O > ^^ 0*7] are not 
touched at all. 

If, therefore, we choose, for example, a -7- t^ =z O'o, then we 

have a = 0*5 X T„ = 0*5 x 63 = 81*5 sees., and we find from 

Fig. 214 on the curve a -7- r^ = 0*5 with p = 2*07 almost 

exactly the value 

a -f- P = 0-3, 
hence 

a = 0-3 (a -f //) 

0-7 a = 0-3 h 

7 7 
b = - a = - X Sl'o = 78*5 sees. = 1 min. 13*5 sees. 
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That is to say, therefore, that every period of load of 31'5 sees, 
duration must be followed by an interval of 1 min. 18*5 sees., in 
order that the temperature rise of the resistance may be not 
more than 875°. 

If, however, the period of load were given as being a = 12 sees., 
then we should obtain 

a -T- r, = 12 -^ 68 = 01905 
which, with p = 2'07, gives, according to Fig. 214, the value 

a-r-P=^0-44, 
consequently, 

a = 0-44 (a + h) 
0-56 a = 0-44 h 

h=^ 1-274 a = 1-274 X 12 = 15-28 sees. 
That is to say, therefore, that periods of load of a = 12 sees, 
each must alternate with periods of rest of & = 15-28 sees. each. 
It is also clearly seen from Fig. 214, that it is, in the present 
case, absolutely essential for h to be greater than a, i.^., 
(a + 6) > 2 a, and hence {P -=- a) > 2 and (a -ir P) > 0*5, as, 
otherwise the value of (a -r- t^ for p = 2-07 would become 
negative, which is impossible. In the present instance, therefore, 
the intervals h must be longer than the periods of load a. 



If, in the case of intermittent load, the periods of load and the 
intervals of rest do not succeed one another uniformly, then a 
mathematical treatment of the problem is hardly feasible ; but it 
is, nevertheless, always possible — as was indicated in section III. 
above — to construct the heating curve and thence, from the infor- 
mation given in section IV., the cooling curve also. After this, 
however, if only the order of succession of the times of load and 
the intervals be known, then the problem can be solved graphi- 
cally by joining up alternately the required pieces of the heating 
and cooling curves respectively, so that ultimately the maximum 
temperature-rise which occurs can be determined. 

If, however, the succession of the periods of load a and the 
intervals h be entirely non-uniform and, besides this, be unknown, 
then the resistance should always, as a matter of principle, be 
designed for permanent load. 
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D. Design of Resistance and Systems of Connection 

for Same. 

The resistance material (wires or strips) is generally employed 
in the following forms : — 

(1) As wound helices (so-called "spirals ") mounted freely in 
the air. 

(2) As cast-iron "spirals" (for high-current strengths), genei% 
rally made of cast-iron of special chemical composition. 

(3) In the form of stretched straight wires or strips (the latter 
are to be preferred) mounted freely in the air. 

(4) In the shape of strips wound into a spiral so as to form 
a packet (similarly to watch-springs). 

(5) In the form of zig-zag strips made up in a number of 
layers insulated from one another and frequently provided with 
cooling plates, which at the same time increase the capacity for 
heat (packet resistances). 

(6) Wound on tubes of iron, asbestos cement, porcelain or the 
like. 

(7) In the form of wire gratings or sieves, the meshes of which 
may be filled up with insulating material. 

The methods of construction (1), (2), (3) and (7) are particularly 
appropriate for permanent load, since — particularly when the 
resistance material is used in the form of strips — they have an 
ample cooling surface. The methods of construction (4), (5) and (6) 
distinguish themselves by the possession of a large capacity for 
heat and are therefore particularly suitable for high load of short 
duration, i.e., especially for standard starting resistances for 
motors. 

As regards the current load and the constructional arrangement 
of the more important of these types, the following particulars 
may be given : — 

Helical Resistances {so-called ** Spiral" Resistances) 
of Wire of Circular Cross- Section. 

The wire of diameter d mm. is wound in close turns (on the 
lathe or on a special winding machine) on to a circular rod. The 
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I 



Fig. 215. 



(229) 
(230) 
(231) 
(232) 



diameter D of the coil must not exceed 15 — 20 mm. (cf . Fig. 215), 
whilst the length of a coil should not be more than 300 — 350 mm., 
as, otherwise, the long coils easily 
become slack when heated and thus 
come into contact with one another, 
when the resistance is moved or sub- 
jected to vibration. Dangerous over- 
loads or short circuits could easily 
be caused by the coils touching in 
this way, especially if they become 
intertwined with one another and 
thus remain permanently in connec- 
tion. 

The following have proved to be 
satisfactory average values: — 

c = ^ 2 rf . . . . (or more) 
2 R = D = ^6 dio 10 d . 

If we put 11 = y d . 

then we have y = ^StoS. 

y may be termed the winding coefficient of the coils. 

If, now, the limit mentioned D ^ 20 mm. be retained, then 
we have : — 

2 y rf < 20 mm, 

y 

hence, from equation (232) : — 

10 
3 

As a matter of fact the coils are seldom made of wire of larger 
diameter than df = 3 to about 3*5 mm. 

If, now, Zi' mm. or h (metres) respectively, denote the length 
of one turn and U mm. or L (metres) respectively, denote the 
length of n turns, then we have : — 

Zi' = 1000 Zi = 2 TT /^ = 2 77 y ^? . . (233) 
and U = 1000 L = nW =2Trnyd . . (234) 

(Pit 

Since the cross-section is g = -j- sq. mm., hence, with specific 

conductivity k (for 1 metre length and 1 sq. mm. cross-section 
s. s 



mm., 



d < -Q- i.e., d < 3'33 mm. 
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— see Table XXVI.), the resistance of n turns (in ohms) 
will be: — 

''"^kq = l600'kd ' • • ^^^^^ 
For use in this formula d must be taken in millimetres and k 
per metre and square millimetre. 

If X' mm. or X (metres) respectively be the length of the coil 
of n turns, then we have (cf. equation 229) : — 

A' = 1000 X = ne = ^2nd. . . (236) 
If we insert this value in equation (235), then we have : — 



4 A V 



(237) 



Here A is to be in metres and d in millimetres. 

In the following table is given the resistance for Nickelin coils 
(Dr. Geitner, F. A., Lange, in Aue, Saxony) of length A' = 
100 mm., i.e., A = 01 m. with k = 2*50. With these particular 
values we have : — 



W'lOO = 



_ 4 X 01 X ;y __ 



2-5 d'' 



= 016 



d^ 



. (287*) 



Table XXX. — Kesistance Wiqq (equation (237") ) in Ohms. 



y = 


d =0-5 
d^-0'25 


10 
10 


1-6 
2-25 


2 
40 


2-5 
6-25 


3-0 
90 

0-0533 
0-0711 
0-0889 


3-5 
12-25 


3 
4 
5 


1-92 
2-57 
3-20 


0-48 
0-64 
0-80 


0-213 
0-285 
0-356 


0120 
0-160 
0-200 


00768 

0102 

0-128 


0-0392 
0-0523 
0-0654 



The values of the preceding table are plotted in Fig. 216, so 
that intermediate values may also h$ obtained by interpolation. 

It is also of interest to determine the relationship between 
C and d for permanent load. It was found before (see p. 234) 
that 



1 j.'r ^ *^ 



T = K 



O' 



. (185) 



where 0' is expressed in sq. cms. If, now, we call the surface 
measured in sq. mm. 0, then we have for n turns (see equation 
(284) ) :— 

= 100 0' = L' d- = 2ii^yncP . . (238) 
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Hence, from equations (235) and (185), 

4 . (•» 



T = K' 



10 it" k ^ (P' 



and, since u' = ~' 10 



T = 



100 i- rf« * 



(239) 

(289*) 
The constant a depends upon the temperature-rise T° C, the 



C = ~6y^Vd« = a\/d''" . 




•%y 



2 it 3 AS 4 ^s ^ 

Fia. 216. 



specific conductivity k and the radiation-constant K', A few 
values of the latter are given on p. 262 (Table XXXI.) 

In connection herewith it may be mentioned that the smaller 
values of K' are for good ventilation, and the larger values for 
bad ventilation. 

B 2 



7i' = 25 —2- = -- 25 \C:^ -- =149. 
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Erlacher'*' gives, for example, for horizontally stretched 

Nickelin wires with T = 500° and k = jr^ = 2-88, the value 

0*42 

asoo = 14"1C. From equation (239*) we therefore have: — 

Tk _ 500 X 2 -38 

a^' -^^^ 200 

In agreement with this Niethammer gives for Nickelin coils in 

air the values : — 

K = 150 to 500, 

obviously corresponding to the cases of very good and very bad 

ventilation respectively. 

In another placet Niethammer gives the following values for 

Nickelin wire with permanent load : — 

for r = 20° ... a = 3*5 \ hence, (K' = ^ 102 



„ r = 80° ... a = 7 

„ T = 200° ... a = 8 to 9 

„ r = --- 500° ... a = 15 



with = -- 102 



k = 2-5, 
we have 



= --195 to 154 
= --139 



According to Erlacher the following value is correct for Nickelin 
coils with k = 2*38 with the average ventilation conditions which 
occur in practice* : — 

for T = 100° . . . a = 6-4 . . . hence X' = -- 145, 
and for bad ventilation : — 

for T = 100° . . . a = 5-7 . . . hence K! ^ ^ 183. 
In the most cases, therefore, we can calculate with sufficient 
safety for Nickelin coils with the value iC' = -^ 200. We 
then have : — 

a = - 0-364 VTr k . . (239*) 

For strip resistances 

we obtain from equation (185) : — 

k q w I k q u ■ 

where g' is in sq. centimetres, u' and U in centimetres, and A;' is 
for cms. and sq. cms. Hence we have 

C = .y ^- VY^' = a' V q>' . . (241) 

♦ Erlacher, " Elektr. Apparate," p. 149. 

I " Elektr. Masch., App. u. ADlagen," Vol. III., p. 277. 
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For Nickelin strip k = 2*5 (per metre and sq. mm.), hence k' = 
25000. If, then, we put K' = ^ 200, we have 

consequently, 

for T = 100° C a' = 112 

= 200° C a' = 158 

= 800° C a' = 194 

= 400° C a' = 224 

= 500° C a' = 250 

If q be taken in sq. mm. and u in mm., then 

q = 100 q' and u = 10 u' . . . (242) 

consequently 

'^ " " iooo 



a' 



and we then have from equation (241) with ai = —, : — 

Viouo 

C = ai V~q^ .... (248) 
We thus have now with k = 2*5 (per metre and pq. mm.) and 
with X' = 200 :— 

for T = 100° C ai = 8*54 

200° C ai = 5-00 

800° C ai = 6-18 

400° C ai = 7-08 

500° C ai = 7-90. 

In agreement with this, Niethammer* gives for Nickelin strips 

the value C = 4*8 V^, i.e., ai = 4*8, which, with K' = 200, 
corresponds to a temperature-rise of not quite 200^. 

In order to render the calculation really convenient, we give 
below a table (for Nickelin wire and Nickelin strip with k = 2'5), 
which extends over the limits of temperature-rise T = 100° to 
T = 500° and the limits for the constant A' ' = 100 to 500. 
The table is calculated from the following equations : — 

for wire : — 

V A'' [ . . . . (239*) 
where C = a VI? I (<^ in mm.) 



* (( 



Elek^y. Masch., App. u. Anlagen," Vol. 111., p. 277. 
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for strip : — 



ai 



A/innn V ^^ urf ' 



VlOOO "^ *^ A'' 
where C = aiV q a 

(q in sq. mm., u in mm.)* 



.(241), (243) 
. (243) 



Table XXXI.—Nickelin Resistances {k = 2*5). 



TempemUire 
Uise. 

rc. 



100° 
200° 
300° 
400° 
500° 



Wire : C = a \^. 



Values for a. 



K' = 



100 



7-91 
1118 
13-69 
15-81 
17-68 



1 

200 


800 


400 


6-59 


4-57 


3-96 


7-91 


6-4r> 


5-59 


9-68 


7-91 


6-84 


11-18 


913 


7-91 


12-50 


10-20 


8-83 



500 



3-54 
5-00 
612 
7-08 
7-91 



Strip : C=ai Vgn. 



Values for ai. 



K' = 



1 

100 ' 

1 


200 


800 


4U0 


500 


3-54 


2-89 


2-50 


7-08 


5-00 


4-08 


3-54 


8-6o 


613 


6-00 


4-33 


1000 


7-08 


5-77 


5-00 


1118 


7-91 


6-45 


5-59 



500 



2-24 
316 
3-87 
4*47 
5-00 



n 

16 



The values in this table are plotted in Figs. 217 and 218, so 
. that any desired inter- 

K-t._T..^ -,_. ,_*.^ mediate values may be 



Ihckelav wire IcZ'S 



C'ciVd^ d....jrv 



7rv 




estimated with sufficient 
accuracy. 



Besistance strips are 
either wound con- 
tinuously backwards and 
forwards over suitably 
arranged supports 
(generally of porcelain) 
or else they are wound 
.^ into helical coils, simi- 
larly to the resistances 
made of circular wire. 
Strips are also sometimes wound into helices with separating 
layers of insulating material, or, finally, a strip resistance may 



fOO 



too 100 

Fig. 217. 



44fO 
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be conetructed by aawing or punching out slots alternately on 
the right and left-hand 

JHelailin, strip k-ZS 
y^jt q. :m.m* n,..:ii 



sides of a square or a, 
rectangular plate. Now, ^ 
in calculating reeist- 
ancea it ie very con- 
venient to have some 
guide as to the number 
of ohms which can 
accommodated in a 
given space. 

Contimiounly tcound 
strips. 

A very simple and 
much used desigQ is 
shown in Fig. 219. 
The porcelain support- 
ing pieces Fi Pi, which 
are wound with Nickelin strip 





Fig. 219. 
values also) and then to connect 



Fio. 218. 

N, are pushed over the plate E 
(galvanised iron), this latter 
being if desired stiffened by 
means of diagonal corruga- 
tions. The two ends of the 
strip are connected to the leads 
by means of two saddle-shaped 
terminals K The iron plate 
E, which projects at the sidfis 
beyond the porcelain carriers, 
is pushed on to bolts and held 
in position by means of distance 
pieces (pieces of gas-tubing). 
In actual manufacture it is very 
useful to build a set of such 
" resistance elements," for 
instance, for 5, 10, 20, 50 
amps, (sometimes for other 

the individual elements in aeries 
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or parallel to suit the various cases which occur. With a 
comparatively small number of standard patterns, which can be 
manufactured in large quantities, it is then possible to meet most 
of the conditions occurring in practice by appropriate grouping 
and connection of the "elements." 

In the design of the individual elements care must be taken 
that there is no possibility of a short-circuit or shunt-circuit 
being occasioned through the strips becoming looser and looser 
in consequence of their expansion under the influence of the 
heat. This danger is avoided with certainty by making the 
distance e of the strips N from the supporting plate E so 
large that the strip, even when it just begins to glow (tempera- 
ture-rise 2^ = -^ 500° C, corresponding to the beginning of 
red-heat), does not yet (in the position indicated by the dotted 
lines) touch the supporting plate. The minimum value for e can 
therefore be calculated in the following way : — 

S^ = ^ +e^ . . . . (244) 

If a be the coeflScient of expansion (for Nickelin a = -^- — —A 
then we have : — 

S = ~(l + ar) = m'^-^ . . . (245) 

consequently we must have : — 

e = -^ Vvi^ - 1 .... (246) 

For T = 500° C. we have therefore for Nickelin with 
m = 1-01. 

e = 0-07 7/ .... (247) 

We can retain this lower limit, since the supporting* plate also 
expands on heating and thus tends to stretch the Nickelin strip 
again. 

A further table is given below which contains the resistance 
for 1 metre length of Nickelin strip (with k = 2*5) for various 
widths and thicknesses. This table is calculated from the 
formula (I in mm., b in mm*, b in mm.) : — 

I 1 0-4 ,.^^, 
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Table XXXII. — Nickelin Strip (k = 2-5) Resistance 

FOR 1 M. Length. 









b mm. = 






^Illlli. — 


5 


10 


16 


20 


30 


01 


0-800 


0-400 


0-267 


0-200 


0-133 


0-2 


0-400 


0-200 


0183 


0-100 


00667 


0-3 


0-267 


0-133 


0-0889 


00667 


00445 


0-4 


0-200 


0-100 


00667 


0-0500 


0-0333 


0-5 


0-0160 


0-0800 


00533 


0-0400 


0-0267 



Intermediate values can be taken from Fig. 220. 

Helically tvound Strips. 

It is also possible to wind resistance strips (similarly to 
resistances of wire of circular cross-section) helically and to 




0,Z Ojb 

Fig. 220. 



0,5 runt 




Fig. 221. 



stretch the individual coils (wrongly termed ''strip-spirals") 
between suitable connecting screws or connecting rails. 
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Quite workable dimensions and good conditions are obtained 
if the diameter d be made about equal to the width b of the strip 
(cf. Fig. 221) and the pitch h of the helix about 1*5 6. 

We have then (see also Fig. 222), s being the length of one 




djt^bJT' 



-^ 



Fig. 222. 

turn of the helix, L the length of the axis of the helix of n 
windings, and I the corresponding length of the strip : — 

d = 6 . . . . 7t = 1-5 6 . . . (249) 
L = n h, . . l = n 8 . . . (250) 
8=V{tt df + h^ = ^ 8-48 h . . (251) 
The distance e between each two turns then follows from : — 

(ft + C) -T- ft = d TT -T- « 

e = -355 6 . . . (252) 
If, now, the resistance of one coil of L = 1 m. length be 
calculated, then we have, since I metres is the corresponding 
length of the strip : — 

''^TTh^khl • • • ^^^^^ 

Here k is taken for metres and square millimetres ; if A: be in 
millimetres and square millimetres, that is to say if all dimensions 
be expressed in millimetres, then k has to be multiplied by 
1000 ; consequently, with k = 2'5 (m./mm.^), we have : — 

n s _ 1-393 n (op{a\ 

however, we have from equation (250) 

L 



'' " /t ~ rs b' 



(255) 
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Therefore, with L = 1000 mm., we have : — 

1000 ,, 
n = ^r-^-7 , and hence 
1-5 fc 



lCi = 



'928 
hi' 



The following table is calculated from equation (256) for 
various values of h and h, and gives the resistance for each metre 




^-2 CS 0'4 

Fig. 223. 



length of the strip coil concerned. These values are shown 
graphically in the diagram (Fig. 223) . 

Table XXXIIL — Nickblin Strip-coils (/c = 2*5) n\ = resist- 
ance OF 1 Metre (Type Fig. 221). 







h mm. = 




^ mm. — 


5 


10 


15 


20 


•1 


1-856 


•928 


•619 


•464 


•2 


•928 


•464 


•809 


•232 


•8 


•619 


•309 


•206 


•155 


•4 


•464 


•282 


•155 


•116 


•5 


•371 


•186 


•124 


•093 
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The length of the atrip I, according to eqimtionB (249), (250), 
(251) and (255) i« (it the length ol the coils be L) :— 

I = „, = ^, = L^*'"' = 2-32L . . (267) 



Strips Wound up into a Spiral. 

A very strong and durable construction ot the resiBtance ia 
obtained by winding up resistance strips with intermediate 
insulating layers to form a spiral like a watch-spring (Fig. 224). 
^ jjj^^ This construction has proved 

especially satisfactory in con- 
nection with railway work and 
elevating plants, because here 
we have generally to deal with 
short-time or intermittent work- 
ing, for which packet-resistances 
are very suitable. If S mm. be 
the thickness of the metal strip, 
z mm. the thickness of the 
insulation between two succes- 
sive layers, d mm. the inner 
diameter and D mm. the outer 
diameter of the wound resistance 
packet, and finally b mm. the width of the strip, then under the 
assumption that, for calculation purposes, n circles wound one 
on the other be considered as equivalent to a spiral of k windings 
(which gives a sufficiently close approximation), we obtain an 
arithmetical progression for the lengths of strip in the individual 
layers ; it A he the length of the innermost layer (commence- 
ment of the series) and E the length of the outermost layer 
(termination of the series) then the following equations are 
obtained : — 

A = ,lit . . . . (258) 

i-; = ;> TT . . . . (259) 

The total length (sum S of the series) : — 

S = \ {A +E)='^{D + d) . . (260) 
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If the distance between two adjacent layers be a, then it 
follows that : — 

a = b + z (261) 

and, with n layers we have 

D = il+2{n-l)a . . . (262) 
hence 

8 = ^^1(1 + 2 {n -l)a + ct]=mr[(l + (n - 1) a] (268) 

Usually D is made equal to 1*2 d to 2 d (up to 3 d) and d to 
50 — 100 mm., or even more. 

Mica or asbestos are alone suitable for use as intermediate 
insulating layers, because of the high temperatures, attained 
by the resistances in working. However, it must not be over- 
looked that asbestos is rather hygroscopic and will therefore 
often prove unfit. Generally the thickness of the insulation may 

be taken as 2r = -^ - — IJ mm. 

For the calculation the relationship given above is employed 
thus :— 

b = xB....x=^50. . . (191) 
According to published results* a current-density of i = 8 
to 5 amps, per square millimetre may be taken for packet 
resistances of nickelin strips; generally we have to deal with 
strips of S = '2 — '5 mm. thickness. The lower limits of the 
current-density are then to be taken for the thicker strips; 
consequently we have approximately : — 

for S = '2 . . . . i = -^ 5, 
hence in = --^ 25 X 0*2 = -- 5 
for 8 = '5 ... . i = -^ 3, 
hence i^ a = '^ 9x0-5 = -^ 4-5, 
that is to say, i^ b may be considered as practically constant. 
Under this assumption, which is sufficiently exact for practical 
purposes, we obtain with C = i q and q = hb = x b^. 

i^b = ^5 . . . . (264) 

q^ ^ ^m'^ x'b^ "^ ^' 

• Niethammer, " ModerneGeaichtspunktc, f.d. EDtwurf elektr. Masch. u. A pp." 
Munchen n. Bcrlio, 1903, K. OUIenbourg, p. 15. 
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We therefore have with the normal value x = '"^ 50 : 

The following table may therefore be employed for normal 
conditions : — 

Table XXXIV.— Nickelik Strip for Spirals (6 = 50 8). 



c . 


20 


25 


80 


85 


40 


45 


50 


56 


60 


amps. 


C8 


400 


025 


900 


1225 


1600 


•2025 


•2500 


302S 


3600 


amps. 


v'cS .= 


7-87 


854 


9-48 


10-7 


117 


12 65 


18-66 


14-46 15-34 


amps. 


« . 


0818 


368 


409 


0-462 


0-505 


0-546 


0-585 


0-624 1 0-662 


mill. 


b . 


16-9 


18-4 


20-5 


28-1 


25-3 


27-8 


29-3 


81-2 ' 33 1 


mm. 


q =l»« = 


5-05 


6-77 


8-87 


10-60 


1276 


14-90 


1714 


19-46 ' 21-90 

1 


mmS. 



The values for b must of course be rounded off to exact tenths 
of millimetres since nickelin strips of all thicknesses possible are 




Sff m^mp 



not obtainable in the market. In any case the cross-sections q 
may be taken from the Table XXXIV. (or Fig. 225, which corre- 
sponds to it). Then that value, which in the Table XXXIV. 
comes nearest to b, is taken and the width b of the resistance 
strip is easily determined. 

The further calculation does not then present any difficulty. 



SWITCHES AND SWITCHGEAR 271 

A practical example will explain the method of calculation in 
the clearest way. 

A resistance for C = 40 amps, (continuous load) and 2v = 1 
ohm is to be calculated ; the individual layers are to be insulated 
from one another by 1 mm. thickness of insulation. 

We determine from the Table XXXIV. for C = 40 amps, the 
value q = 12'76 sq. mm. and then find (most easily from Fig. 225) 
that we can choose d = *5 mm. as the thickness of the nickelin 
strip ; its width will therefore be : — 

h=q-7-h = <^25 mm. 
If the resistance must be iv = 1 ohm, then, the conductivity 
being k = 2'5, the length of the strip will be : — 

l=iwkq=:tvkbb = 31"25 m. 

S = 81250 mm. (= 1000 l). 

Since S = *5 mm. and the thickness of the insulation is 
assumed to be -? = 1 mm. hence it follows from equation (261) 
that : — 

a = b -\- z = 1*5 mm. 

consequently it follows from the equation (263) that : — 

S = 31250 = mT ld + (n - 1) 1*5] 
and hence : 

1-5 n^ + (cl — 1-5) n = -- 9950. 

However we have also from equation (262), if we put D 
=z m d : 

(m — 1) d = 2rt (n — 1) 

m — 1 ^ ' 

It follows, therefore, with a = 1'5 mm. that 

m — 1 

The values for in may be taken as about 1*5, 2, 2*5, and 3 ; then 
we have (with a = 1*5 mm.) : 

For m = 1-5 . d= 6 (n - 1) . d - 1*5 = 6n - 7*5 
m = 2-0 . d = 3 (r. - 1) . d — 1*5 = 37i — 45 
m = 2-5 . d! = 2 (h — 1) . d — 1*5 = 2/1 — 3*5 
„ m = 3-0 . d = 1-5 (n - 1) . rf — 1*5 = V5n - 3-0 



9J 
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If these values be put into the above equation, then 

1-5 n^ + (d - 1-5) « = - 9950, 
it follows, therefore, that 
for m = 1-5 . . . n^ - n = 1328 . . . 7i = -^ 37 . . . rf = 

222 mm. ... D = 333 mm. 
for m = 2-0 ... n^ — 71 = 2212 . . . 7i = -^ 47*5 . . . d = 

140 mm. ... D = 280 mm. 
for VI = 2*5 ... 71^ — 71 = 2845 ...71 = ^^ 54 ...rf = 

106 mm. . . . 2) = 265 mm. 
for in = 3-0 . . . n^ — n = 3317 . . . 7i = -^ 58 . . . rf = 

86 mm. . . . 2) = 258 mm. 
The calculation of the cooling surface sq. mm. is of con- 
siderable interest ; for this purpose we need only take into account 
the double ring-surface (diameter D and d) and the outer jacket 
surface {D it b); the inner surface (d -n h) has hardly any cooling 
influence worth considering because it is not freely exposed. 
Therefore we may put : — 

O = -^2 I (D^ ~ iP) + D TT t = I rf2 (,,,2 - 1) + z) ^ i . (267) 

where 6 is = 25 mm., and the values of 7), d and m are those 
which we have just calculated. The following table is obtained 
if 0' be the surface expressed in square centimetres, that is to 
say, = 100 X 0' : 
for VI = 1-5 . . . rf = 222 mm. ... 2) = 333 mm. . . . O' = 

1228 sq. cm. 
for VI = 2-0 . . . rf = 140 mm. ... D = 280 mm. . . . 0' = 

1142 sq. cm. 
for 7/1 = 2'5 . . . rf = 106 mm. .../) = 265 mm. . . . O' = 

1133 sq. cm. 
for VI = 3-0 . . . rf = 86 mm. . . . D = 258 mm. . . . 0' = 

1132 sq. cm. 
Hence the remarkable result follows, that for tti = 2 to vi = 3 
the surface 0' remains nearly constant. Consequently that 
arrangement is preferred which yields the smallest outer 
diameter D, since the length Ivi, and with it also the weight 
of the nickelin strip remains constant (as also the necessary 
amount of intermediate insulating layer); this is the case 
with VI = 3. However, in case it should happen that the internal 
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space (d = 86 mm.) should prove to be too narrow for the arrange- 
ment of the supporting framework (since ventilation has 
eventually to be considered), m may be given a value as low as 
m = 2, whereby the interior becomes amply large -(d = 140 mm.), 
and the cooling conditions are not perceptibly altered (0' 
remains nearly constant). 



If we calculate with the mean value of 0', namely, 0' = 

1142 + 1133 + 1132 ,,_ ,, ,, . ... . 
o =1136 sq. cm., then we obtain with C = 

40 amps., and w = 1 ohm, and hence C^ iv = 1600 watts, an 
outer cooling surface of 

^^' 1136 

For calculating the temperature rise we employ equa- 
tion (185) :— 

T — 7^f ^ 
1 ^IV ^, . 

For packet resistances of nickelin K is 100 to 200,* in medio 
150 ; we thus have : — 

r = -^ 150 ^ = - 211° C. 
temperature rise, which is entirely admissible. 



Packet resistances^ which are built up of zig-zag shaped pieces 
of sheet metal (see Fig. 226) are very suitable for ordinary 
starters, and can also be overloaded for a short time without 
danger, provided they be of good construction. The condition 
for this is that they should be fire-proof, as indicated in Fig. 226. 
A thin layer of micanite (artificial mica, obtained by com- 
pressing waste mica with a suitable glueing medium) is 
placed on a piece of sheet iron and on this a piece of nickelin 
plate is laid which, as indicated in Fig. 226, is cut out to 
form a zig-zag shaped band and bent up at the corners to render 
supply of current possible. On this plate is again placed 
another micanite plate, then iron, then micanite, then the 
second nickelin plate, etc. The packet thus formed is then 

* Nictbammcr, *' Elektr. Mascbinen, App. u. Anlagen,'* Vol. III., p. 279. 
S. T 
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compressed by means of clamps and screws and suspended or 
clamped in the resistance box, which may be done in various 
ways. The intermediate iron plates, have, of course, nothing 
whatever to do with the conduction of the current, but only serve 
to increase the heat capacity of the resistance packet. Besides 
this they act as cooling ribs when they are allowed to project (of 
course only on those sides where no connections are made.) 

The zig-zag shaped resistance plates may be punched out or a 
whole set of plates may be made simultaneously by means of a 
thin milling roller like a circular saw (e.g,^ a set of 100 plates 











L 


























.'"'; 




\i> 


1 


^ 






• 


















■ 
1 
• 


i 

fl 














h 


s 


b 


X 


1 
1 
• 








fi 






B 






"* 






I 


\ 




< 


















• 1 
























■ . .* 




b 








r 














a 


f 

















Sheet iron 



MiccL 

Nickdux 



Fig. 226. 



each '8 mm. thick may be cut at once); the slot z should of course 
be made as narrow as possible, since in this way the maximum 
resistance possible is obtained for a given surface. In the follow- 
ing calculation the slot is taken to be '3 mm. wide. The width B 
is taken as 100 mm. and the length L about 200 mm. We will 
now determine how many watts a piece having a surface of 
B X L can take up for various thicknesses S and widths b. The 
material is nickelin with A; = 2 5. 
Referring to Fig. 226, we have : — 

L = n6 + (n — 1)^. . . . (268) 
I.e., with z = 3 mm., 

L + 8 = n (6 + 3) . . . . (269) 
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Now the values of n for 6 = 10, 15, 20, 25, 30 with L = 200 
can be calculated. These are increased or decreased to the next 
whole number, and the value of L is then definitely fixed. We 
then obtain : — 

n = 16 . 

. 11 . 

. «/ • 

. 7 . 
6 



For 6 = 10 mm. 
15 
20 
25 

80 „ 
Further : — 



99 



91 



>t 



L = 205 mm. 
. 195 
. 204 
. 193 
. 195 



t> 



99 



f» 



99 



(270) 



JJ = /3 + 2 /> . 

and the length I, as indicated by the dotted central line in 
Fig. 226, is 



l = np + (n-l)dl = nfi+{n-l)(b + z)l 



(271) 



Consequently we have : — 

For 6 = 10 mm. |3 = 80 mm. 
15 „ 70 

20 „ 60 

25 „ 50 

30 .. 40 



)> 



H 



>> 



99 



}> 



d = 13 mm. I = 1586 mm. 
18 „ 1053 
23 „ 829 
28 „ 614 
33 „ 499 



>> 



>9 



>> 



)» 



f» 



>» 



99 



If the ratio S : b be again taken as 1 : 50, i.e., b = *02 bi, then 

the resistance 2Vi of each plate is : — 

For 6 = 10 mm. b = 0*2 mm. q = 2*0 sq.mm. wi = 0*317 Ohm, 

15 „ 0-3 „ 4-5 „ 00935 „ 

20 „ 0-4 „ 8-0 „ 0-0415 „ 

25 „ 0-5 „ 12-5 „ 00196 

30 „ 0-6 „ 180 „ 00111 

The current C corresponding to the cross-section q concerned 
can be taken from the Table XXXIV. (equation 265), or 
from Fig. 225. By calculating further the current density 
1 = 0-7- q, the voltage Ei = Cwi and the watt consumption 
Ai = EiC we find : — 
For 6 = 10 mm. . . . g = 2*0 sq. mm. . . (7 = 10*0 amps. . . . £i = 

3*17 volts Ai = 31-7 watts. 

For 6 = 15 mm. . . . q= 4*5 sq. mm. . . (7 = 18*5 amps. . . . £i = 

1-78 volts Ai = 82-0 watts. 

T 2 
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For b = 20 mm. . . . q=: 8*0 sq. mm. . . C = 28*5 amps. . . . £i = 

1-18 vclts Ai = 33-6 watts. 

For 6 = 25 mm. . , . q = 12*5 sq. mm. . . C = 39*6 amps. . . . £i = 

0773 volts Ai=: 30-5 watts. 

For 6 = 30 mm. . . . q = 1^*0 sq. mm. . . C = 52'0 amps. . . . Ei = 

0-577 volts. . . . ^1 = 30-0 watts. 
As seen from this, the number of watts which can be taken up 
in the plate of dimensions B X L = ^-^ 100 X 200 sq. mm. 
= ^^ 2 sq. dm. is almost entirely constant, no matter whether S 
be taken as 0*2 or 0*6 mm., and b as 10 or 30 mm. It can 
be assumed with suflBcient accuracy that we have about 16 watts 
per sq. dm. As the two last tables show, the following values 
can be taken as approximately correct : — 
For (7 = 10 amps. . b = 10 mm. . 6 = 0-2 mm. 



20 „ 

30 „ 

40 „ 

50 „ 



0-3 „ 
0-4 „ 
0-5 



99 

0-6 ,. 



15 „ 
20 „ 
25 „ 
30 „ 

The values from Fig. 225, Table XXXIV., or the figures given 
further above, which are calculated from them, are somewhat 
more exact. 

We will now explain the calculation by the aid of a 
numerical example. Assume that here (as with the strip 
coils) a resistance of iv = 1 ohm for C = 40 amps, is to be 
calculated and the temperature-rise with continuous load is to 
be checked. 

This problem can be solved in various ways according to 
whether the full current C = 40 amps, be allowed to pass 
through each of the resistance plates, or whether several plates 
be connected in parallel. 

(a) The tables above give the following corresponding values, 
when each individual plate has the full current passing through 
it:— 

C = 39-5 amps. Ei = '773 volts per plate. 

Ai = 30*5 watts. wi = -0196 ohms. 

q = 12'5 sq. mm. b = 25 mm. 

S = -5 mm. I = 614 mm. = -614 m, 

L = 193 mm. n = 7, B = 100 mm. 
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In order to obtain a total resistance w = 1 ohm, it is necessary 

w 1 

to connect — = ^^^^ = ^^ 51 such plates in series. Each of 
tci -0196 ^ 

these plates has a thickness (5) of '5 mm. and is covered on both 

sides with micanite of the same thickness ('5 mm.). To this is added 

a piece of iron plate (cooling plate) of at least '5 mm. thickness, so 

that each resistance plate, complete with insulation and cooling 

plate, is about 2 mm. thick. The whole packet of 51 plates 

will therefore be 102 mm. high, to which must be added a few mm. 

for the thick end plates serving to compress the packets, so that 

the whole is about 110 mm. high. The packet is then 193 mm. 

long, 100 mm. broad, and 110 mm. high, consequently the surface 

of the rectangular prism so formed is 

O' = 1030-6 sq. cm. 

The watt consumption is C^w = 40^ x 1 = 1600 watts, 

consequently the temperature-rise will be as follows (from 

equation (185)— with K^ = ^ 150) : 

g^g^.^^ 150X1600^^ 

O' 1030-6 ^^ ^ 

for continuous load. In reality the temperature-rise will be 

somewhat less, as the cooling plates project laterally and thereby 

considerably increase the surface 0'. 

(b) If it be desired to connect several thinner plates in parallel, 

then the use of four plates taking 10 amps, each at once forcibly 

suggests itself. Each of these plates, in accordance with the above 

tables, will have the following values : — 

C = 10 amps.. El = 3*17 volts per plate, 

Ai = 31*7 watts, wi = '317 ohms, 

q = 2'0 sq. mm., b = lO'O mm., 6 = '2 mm., 

I = 1586 mm. = 1*586 m., L = 205 mm., n = 16, 

B = 100 mm. 
Consequently each group of four plates connected in parallel 
has the resistance — 

jTi _ ;317 _ ^ -07925 ohms. 
4 4 

If a total resistance of 1 ohm is to be attained, then (1 -f- 
•07925) = 12*63 = ^^ 13 of such groups, each consisting of four 
plates, must be connected in series ; so that altogether 4 x 13 
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= 52 plates are necessary. If we use once again mica (or 
micanite or the like) of *5 mm. thickness on each side of nickelin 
plate of '2 mm. thickness, and employ besides this a cooling plate 
•5 mm. thick, then the packet will be of the following thickness : 

52 X [-2 + (2 X -5) + -5] = 52 X I'T = 88-4 mm. 
i.e., together with the end plates of about 4 mm. each, about 
96 mm. The principal dimensions of the resistance packet are 
therefore — length = 205 mm., width 100 mm., height 96 mm.; 
consequently the surface is: 0' = 995'6 sq. cm., so that, 
according to equation (185) the following value is obtained for 
the temperature-rise : — 

T = K' ^ = 150 ^ = ~ 239° C. 

It is therefore seen that both solutions are almost equally 
good, so that in practice the number of types of resistance 
plates will be reduced as much as possible, since all requirements 
can be met with a small number of resistance elements by 
suitably connecting them in parallel or series. 



Erlacher^ has made comprehensive experiments as to the 

allowable current-load for wire-resistances (nickelin, k = ^^o 

= 2*38) wound on porcelain cylinders (with helical grooves). 
The porcelain cylinders used had a total length of 200 mm. and 
160 mm. length of the helix ; the pitch of the groove in the one 
type (A) was 2*5 mm., and in the other one (B) 4*5 mm. ; on the 
one type (A) about 15 m. of wire of '3 to 1*6 mm. thickness 
could be wound, and on the other one (B) about 8'5 m. of 
1*6 to 3*0 mm. thickness. The outer diameter of the cylinder 
was about 80 mm. Now experiments showed that the watts 
taken up by one of the cylinders A or B remained practically 
constant and was independent of the diameter of the wire, 
when the heating was increased up to a dull red heat (about 
500° C.) ; the experiments lasted for one hour, so that the figures 
obtained were for a permanent load. If d be the diameter of the 



* ( 



' Elektr. Apparate fiir Starkstrom," pp. 162 et teq. 
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wire and I m. the length of the wire on the porcelain cylinder, then 
we have, according to Erlacher : — 

C = cad = c -^d . . . (272) 

V I 

Here we have 

for T = 100° 200° 300*^ 400*^ 500°| ,^„^. 

the value c = 17-6 24-9 30-5 35-2 39-4/ ' ^^^^ > 

whilst a will be '258 (■= 1 -r- Vl6) . . . for the type A (pitch of 

helix 2*5 mm.). 

and -343 (=1-7- Vs^) ... for the type B (pitch of 

helix 4'5 mm.). 
As an average value for the number of watts taken up, 
Erlacher obtained a figure of about 832*5 watts = C^ to = 
approximately a constant (with T = 500° C). 

If, as regards dissipation of heat, we only take into considera- 
tion that part of the surface of the cylinder (diameter = ^^ 
80 mm. = 8 cm. ; height = -^ 160 mm. = 16 cm.), which is 
covered by wire, then the surface 0' will be : — 

0' = 8 X TT X 16 = -^ 400 sq. cm. 
Hence, according to equation (185), with T = 500° C. : — 

-^ TO' 500X400 ^.^ 

As mentioned above on p. 234, Niethammer gives the value 
K^ = 150 to 400 for nickelin wound on tubes (for instance, iron 
coated with asbestos) and mounted vertically — i.e., for conditions 
similar to those which we have here — so that the above value 
K^ = 240 agrees quite well with this. 

Note : — Equation (272) may be proved to be correct in the 
following way : — 

If ^ be the watt consumption in the wire which is wound 
upon the porcelain cylinder, then we have: — 

hence 

C = d V-^-l^ V| (273) 

As has been proved, however, by the experiments, A is constant, 
so long as the outer dimensions of the porcelain cylinder 
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remain the same ; we have therefore with A = 832'5 watts (ef. 
above), k = 2-38 and T = 500° C. :— 

^ = V 1 = ^ 1^^6 = '^ 89'4 (as above). 

For other limits of temperature-rise c is to be reduced in pro- 
portion to the square root of the temperature — a calculation 
which has already been given above (cf. p. 259). 



Details of Construction. 

Small resistance coils can be fixed free from any winding 
support or insulator, provided that they be not subjected to 

violent shocks or vibration suflScient 
to cause the individual coils to knock 
against one another. In Figs. 227, 
228, 229 some of these arrangements 
are indicated; Fig. 227 shows the 
5 ; resistance spirals s directly fixed on to 
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Fig. 228. 



Fig. 229. 



the porcelain insulators r, which are fastened by screws on to an 
angle iron frame tv ; in the example shown in Fig. 228 the end of 
the coil is bound on to the porcelain insulator r by means of a brass 
or copper band b tightened by the screw s ; in Fig. 229 the spiral 
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ends are stretched between nuts and bolts s and K spaced out on a 
marble-back plate M, the screws k being used at the same time as 
contacts. ' When the resistance coils are longer they can be passed 
through distance pieces or separators (of slate, asbestos, cement or 
the like), in order to space them off at suitable distances, as indi- 
cated by Fig. 230 ; the slate separating plate F has holes L bored 
in it for the reception of the resistance-coils, and is firmly bolted 
to the back plate M by means of the screws s ; small lengths of gas 
tubing g are used for supporting the slate at the correct distance 
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Fig. *230. 




Fig. 231. 



from the back plate. The iron bands b under the nuts 8 serve 
to connect the individual distance plates P with one another. 

In Fig. 281 is shown a strip resistance wound on an iron 
tube ; the iron tube E, which may be a gas pipe, is insulated 
with asbestos A, or something similar, and the Nickelin 
strip, B, is wound tightly over this and the ends fastened ; the 
insulation. A, may, for example, be formed by winding on several 
layers of asbestos, or the iron tube may be thickly painted 
with some hardening, fire-resisting substance (such as asbestos 
cement or the like), or, still better, the fire-resisting substance 
may be pressed round the iron tube and then dried ; porcelain 
and similar materials are also used. In any case the material 
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selected must not be too brittle, must be fire-resisting and must 
not split or break on being rapidly heated and cooled. 

A very solid construction of the tube element is that of the 
Voigt and Haeffner A.-G. (Fig. 232). A metal tube M, covered 
on its inner surface with asbestos A, contains the resistance, 
which rests against the inner wall of the tube ; the lower end 
of the tube M is closed by means of a porcelain end stopper 
Pa, held in place by a groove r stamped into the tube. The tube 



Fio. 232. Fig. 233, 

is filled with burnt cement tightly pressed, and the open end 
then fitted with a porcelain stopper Pi suitably bored to allow 
the passage of the wires, and then also firmly held by a 
groove r. 

The method of building up the spiral strip resistance shown 
in Fig. 233 is sufficiently clear from the illustration. On the 
gas tube G insulated by the material J the carrying rings 
1, t, t . . . are pushed, these latter being insulated- from one 
another by the insulating rings t, i. The connections to the 
leads are made by means of the terminals K, which are placed 
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either on the flanges F, of are fastened to rings r. These latter 

serve to hold the atrip spirals together, while small connectioo 

strips h are used to complete the 

electrical circuit hetween the indi< 

vidual coils. 

Fig. 284 illustrates a spiral strip 
resistance manufactured by the Mas- 
chinenfabrik Oerlikon (designed by 
Fiacher-Hinnen) ; the most note- 
worthy feature of this apparatus is 
the arrangement of the contacts, 
which are built up in a similar 
manner to a commutator, connec- 
tion being made by means of brushes. 
In the hollow apace thus formed in 
the contact crown it ia easy to 
introduce a spark- extinguishing coil 
(magnetic blow-out coil), which can 
be used for extinguishing the arc 
formed on breaking the circuit. 

Fig. 235* shows a design of brush 
built up of stamped laminations, 



which form is particularly suitable for use with the above- 
mentioned commutator-like contact crowns. 

• From Erinclier. 
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The use of porcelain cylinders in this type of apparatus is 
clearly illustrated in Figs. 236 and 237.* Attention may be 
drawn to the simple method of fixing the grooved porcelain 




CO 

6 



cylinders in the case in this particular design ; these are pushed 
over cast-iron cross-pieces, the ends of which are firmly 
attached to round iron rods. The porcelain cylinders are 
hollow, and it is advisable to bring all connecting wires through 



* From Erlacher. 
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the hollow centres of the ejlindera to the bottom, and then to 
connect them by means of screw contacts (or by soldering) to 



the wires leading to the contact plate ; by this method all the 
connections become easily accessible, a circumstance to which the 



greatest consideration Bliould always be paid, as otherwise, in 
the event oE repairs being necessary, the inaccessibility of the 
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connecting points might very much increase the difficulty of 
the work, 

Another arrangement of the porcelain cylinders is shown in 



Fio. 2 



Fig. 238 (used by the Helioa E. A.-G. of Cologne). The easy 
accefcsibility of the connections, which, for instance, may be 
made with asbestos-covered wire, is ingeniously attained by 
slinging each wire in a loop round a pin. With this device the 
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wires act; in a similar manner to a door hinge, and the marble 
front-plate can be screwed off and moved to one side, or turned 
round without risk of injuring or entangling the conductors. 

Fig. 239 illustrates the method of assembling the tube 
elements (Fig. 232) employed by the Voigt and Haeffner A.-G. 
The connections can be very simply made, since the wires are 



brought out of the cartridges at the top in this pattern, and can 
therefore conveniently be connected either in series or parallel. 
Mention may also be made of the moving contact which passes 
over the individual resistance stops ; this is formed of a small 
copper roller, by the employment of which it is ensured that new 
points shall always be coming into use, whilst at the same time 
an easy motion of the lever is obtained. On the last stop contact 
is made by means of an amply dimensioned laminated brush 
contact. The diagram also shows the arrangement of the 
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protecting cover, which allows only the lever handle to project on 
the outside. (This cover may be constructed either of sheet metal 
or papier maehe.) 

The controller illustrated in Fig. 240 (E.A.-G. vorm 



Fio. 241. 

Lahmeyer & Co., Frankfurt-a-Maine) is constructed with cast- 
iron " spirals," which are made out of a special alloy and are 
very elastic, thus entirely avoiding the danger of breakage. The 
method of assembling these resistance castings in the resistance 
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case will be clearly seen from Fig. 241 ; the interconnections 
between the resistance elements are made by means of copper 
strips or cable sockets, while the separate groups are insulated 
from one another by miea. The mean specific conductivity ■ 
I; is aht. l^S to 2'0, whilst the resistance increases per 1° C. 
rise in temperature by '45 to "48 per cent. We have thus for 



100"^ C. rise in temperature an increase of resititance equal to 
100 X "45 = 45 per cent., so that, supposing k to have heen 

originally equal to 2-0, we now have /.loo = ttt-- = 1'38- 

The iiidiWdual elements are also galvanised in order to avoid 
rusting. 

In Fig. 212 is shown finally an oil starter (designed hy 
Schumanns Elektricitiitswerk, Leipzig). The oil vessel is pro- 
vided with a number of cooling ribs, and the resistance itself is 
made of strip, so that the surface is large and thus the passage of 
• (.'t., A. UcQKintr, ■• UriioLkuot.fslewcrungeii," llannovur, JUocfke, 19".'. p, B7. 
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the heat from the resistance to the oil can take place rapidly. It 
will be noticed that the contact lever is made separate from the 
handle lever, so that the contact pressure cannot be influenced 
by the pressure on the handle. Fig. 242a represents a three- 
phase oil-immersed starter constructed by Kldcliner of Cologne. 



Sffstcms of Comicclions. 

As regards the systems of connections used on continuous 

current motor starters, we may remark in the first place that 

. simple startersfor series motors 

can he connected as shown in 
Fig. 187 ; the connections shown 
in Fig. 186, illustrating the cal- 
culation of the resistance steps 
of the starter for a shunt motor 
would, on the other hand, not 
he suitable, since the use of 
these would involve the com- 
plete and sudden breaking of 
the current in the magnetic 
field on switching out, so that, 
Fio 242a '"^ consequence of the high 

self-induction of the exciting 
windings with their many turns of fine wire, a high E.M.F. of 
self-induction would result and would thus probably cause the 
field insulation to break down. 

It is possible to gain an idea of the magnitude of this latter 
danger by means of a simple calculation. As an example we 
will take the shunt motor for 110 volt exciting voltage (17'5 h.p. 
at n = 150 to n = 450 ; 6 poles) which has been re-calculated 
by Professor E. Arnold in his book.* On each pole there are 665 
windings of 38 mm. diameter and 200 windings of 4'0 mm. 
diameter, whilst 6-05 X 10* is given as the maximum number of 
lines of force per pole. We have thus : — 

.V„ = 665 + 200 = 865 turns per pole. 
Z,„ = 6'05 X 10" lines of force per pole. 

,■ Springer, Berlin 
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If the number of lines of force in the N turns alter itself in 
the time A t hy the amount A Z, then the electromotive force 
of self-induction is : — 

f', = - "^y X A' 10-^ volts . . (274) 

In this equation A Z denotes an increase of the field, and 
consequently on switching out A Z becomes negative, and hence 
e, positive, that is to say, e, is then in such a direction that the 
disappearance of the field is retarded. 

Now on switching out, we have : — 

AZ = Z^ = 6-05 X 10« and .V = xV,« = 865, 
hence we obtain : — 

r, X A f = 605 X 10« X 865 X 10"^ = 52*8, 
that is to say, that in every coil an E.M.F. of self-induction will 
be produced, which will have the following values for various 
values of A t. 
When A t = 1 second (time taken to break circuit) . . . e, = 

52-3 volts. 
When A f = 0*5 second (time taken to break circuit) ...<»,= 

104-6 volts. 
When A t = 0*1 second (time taken to break circuit) . . . c, = 

523 volts. 

It is usual, however, on each coil to allow only a pressure of 
110 -T- 6 = 18*35 volts, that is to say, that even with a very slow 
break (A f = 1 second) the resulting E.M.F. of self-induction is 
already more than three times greater than the normal voltage 
permissible across the coil; the more quickly the circuit is 
broken, the greater is the danger of breaking down the coil 
insulation. 

Figs. 186 and 202 show the simple means by which this diffi. 
culty may be overcome. It is only necessary to connect the slip 
ring, which is already connected to the magnetic field circuit, to 
the first resistance contact by means of a wire (shown dotted), 
as was first done by Menges(A.E.-G., Berlin). In this way the 
advantage is obtained that — especially with rapid switching-out — 
an E.M.F. is generated in the still quickly running armature, 
which is opposed to the E.M.F. of self-induction of the field ; 
both E.M.F.'s now act, however, upon a closed circuit consisting 

u 2 
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of "Armature— Fieldwinding— Starting Resistance" (and, indeed, 
the E.M.F.'s act in opposition to one another), so that only a 

small resultant E.M.F. remains 
active, which in the closed circuit 
becomes quite harmless, since it 
merely dissipates itself in heat. 

A resistance of suitable size can 
also be introduced into the circuit in 
place of the already mentioned simple 
connecting lead (dotted) to the first 
contact, in order that the current 
may be reduced to any desired value. 
This simple method, which is used 
on all shunt motor starters, suppresses 
with certainty the arc produced by 
switching off and avoids the danger 
of breaking down the insulation. In 
special cases the single conductor 
mentioned above may be replaced by 
a resistance which gradually increases 
in size, such as would result from 
drawing the arc out between two carbon contacts, and thus 
giving an increasing resistance to it ; the arrangement can 
be carried out somewhat as shown in 
the illustration Fig. 21. 

In Fig. 243 is shown the system of 
connections for a shunt motor starter 
designed by Ingenieur F. Glockner 
(Koln-Bayental), in which a special 
slip ring for the field winding is ren- 
dered unnecessary ; in this method 
the field circuit is connected to the 
first contact (?«), so that the further 
the lever H is moved, the weaker the 

field becomes, owing to the current having to pass through 
whatever part of the resistance w is on the left-hand side of 
the lever ; this, however, is not important, since it only happens 
during the starting period and since in the final position (in) 




Fig. 243. 




Fig. 244. 
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through the agency of the contact x the field again receives the 
full voltage across it, while an amply dimensioned brush makes 
contact at E and permanently connects the armature circuit; 
the resistance stops themselves are traversed by a carbon brush. 
The illustration in Fig. 244 makes this suflBciently plain * ; a 
spring is affixed in such a manner as to make it impossible to 
leave the lever H in an intermediate position; it can only 
remain fixed in one of the end positions "In" and "Out"; 

an indiarubber buffer acts as a stop 
to take up the shock on switching 
out. 

The latest types of starter designed 
by Klockner are provided with a 
" slow - switching - in - mechanism/' 
which will be described later on. 

If speed regulation in an upward 
direction is to be obtained by means 
of the starter, then the field must be 
weakened accordingly ; the starter 
will then be connected somewhat as 
shown in Fig. 245. 

Under certain circumstances the 
use of the simple starters already 
described may seriously endanger 
the motor, or, in any case, if the 
fuses act satisfactorily, undesirable 
interruptions in working may occur. 
For instance, the motor may be 
started and running in a quite normal manner, when an interrup- 
tion of the current may occur in the system due to the blowing 
of a main fuse or something similar, thus cutting off the current 
through the field and armature and bringing the motor to rest ; 
meanwhile the starting switch still remains on the last contact 
" In." Should the interruption in the system now be repaired, 
the armatm*e l)ecomes connected straight across the mains 
irithout any resistaitce in the circuit, and the fuses blow imme- 
diately, since we have an almost dead short circuit ; the heavy 

* From F. Klookner (Kolu). 




Fig. 245. 
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flow of current may, however, already have injured the 
armature, or perhaps at least the commutator. The insertion 
of a new fuse naturally cannot be effected until the starter is 
again brought back to the " Out " position. An interruption in 
the field circuit due to a broken conductor or the like has a 
similar result. 

In order to eliminate these dangers the automatic '* No- 
volt-release '* is employed (Fig. 246). This consists of an 

electro - magnet (mini- 
mum-relay), which is 
excited by the field cir- 
cuit, and holds the lever 
H in the position "In," 
against the back pull of 
a spring, tending to bring 
the lever H into the 
" Off " position. Any 
interruption of the ex- 
citing current then causes 
the starter to be auto- 
matically brought back 
into the " Out '' position. 
This device was first 
employed on starters in 
America, and was very 
soon imitated. With 
this arrangement a 
maximum relay may also be combined, which, when overload 
occurs on the motor, attracts the armature lever // and short- 
circuits the two ends a, h of the minimum relay by the aid of 
the contact cif c^, thus also effecting the automatic switching- 
out of the starter (see Figs. 247 and 248. — F. Klockner, 
Cologne). 

As in the case of automatic switches, so also here the two 
windings may be combined to form a differential relay, as is 
shown in Fig. 249 for a series motor, and in Fig. 250 for a 
shunt motor.* In the two figures the starting levers are shown 

* From Erlacher. 




Fig. 246. 
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in tbe "In " position, and, in the case of tbe shunt motor the 
starting resistance is connected in series with the field magnet 





(as was first BuggeHted by Fiscber-Hinnen for the Maschinen. 
fabrik Oerlikon). This simplifies the starter, but at the same 
time involves a weakening of the field by about 2 to 3 per cent. 
The differential relay (Erlacher design) is illustrated in Fig. 251. 
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whilst Fig. 252 shows the starter itself. The only other point 
worthy of note ie that the starter can be used both for series 
motors and for shunt motors. 

In Fig. 253 is illustrated a similar controller made by the 
Conz. Elektr.-Ges., of Hamburg; the holding magnet m will be 
noticed, also the pull-out spring /, the maximum relay vti 
with the contacts / cj, and the buffer y. Besides the starting- 
switch handle H, a regulating lever k is provided, by means of 
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which the field can be weakened in order to increase the speed of 
the motor when desired. This regulator lever h swings back 
into the wtarting position with the main starting lever when the 
current is switched off, so that on starting the full exciting field 
is always used, and the maximum startmg torque is thus 
obtained. 

In connecting a motor on a three (or more) wire system the 
field is generally connected across the lower voltage (i.e., between 
the zero and one of the outer wires), because then the number 
of turns, and hence also the space factor and the self-induction 



SWITCHES AND SWITCHGEAR 297 

of the shunt field winding have more favourable values {space 
factor becomes greater ; number of windings on the field and 
self-induction becomes smaller). In Fig. 254 is shown the 
diagram of connections for a starter of this kind with low voltage 
excitation (viz., armature across 220 volts, field across 110 volts), 
designed by Klockner. With reference to this it is only neces- 
sary to mention that S W is a protecting resistance, which, on 
switching out, becomes connected in the field winding circuit, 



and permits of the rednction of the strength of the induction 
current as desired. 

ContinuouB-carrent reversing starters combine in one single 
piece of apparatus a starting switch proper (a switch with stops) 
and a reversing switch, which, by its position, determines the 
direction of rotation of the motor. 

It is well known that, in order to change the direction of 
rotation of an electromotor, one can alter the direction of the 
current either in the armature or in the field, while a change of 
current direction in both the field and armature at the same time 
does not alter the direction of rotation of the motor. It is always 
advisable, however, that the change of current direction be made 



298 SWITCHES AND SWITCHGEAR 

in Ihe armature {especially in the case o! shunt motors), the 
self-induction of this being bo much smaller than that of the 
field. Besides this, it is in this case not necessary to alter the 
residual magnetism, so that, if it be desired to use the motor as 
a generator in order to obtain a powerful braking effect, no 
difficulties occur. 

Fig, 255 ahows the diagram of connections of a reversing starter 
or a shunt motor, and Fig, '256 for a series motor.* The current 




Fig. 23a. 



directions in the circuits are shown for both directiouB of rotation 
1 and 2 in Figs. 255 and 256 and can be easily followed. It only 
remains to be mentioned that the lever consists of two parts, 
which are insulated from one another, but are in mechanical 
connection viz. bi b^ on the one liand and b^ on the other hand. 
hi always slides over the ring n and the resistance contacts, 
whilst with the direction of rotation 1 the brush fca comes on to 
ra and the brush h^ on to ra. With the reverse direction 
* Klijckacr, Cologne. 
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of rotation 2 the two brushes ha and bi exchange their 
functions. 

In thec&se of Bhunt motors two further pairs of carbon brushes 
are included, which are connected with ba and hs, as can be 
clearly seen from Fig. 255. 

(Reversing starters of this kind may also be provided with 




I'lC.. l>5fi. 



SIvrt-circuiUA rotor. 
Fig. 2S7. 



bi-aking-contacts, so that the motor is first subjected to a braking 
action before its direction of rotation is altered. Besides this it 
is possible* in the case of shunt motors to disconnect the 
excitation from tlio line by means of a special switch with the 

• Cf. Arnold, " Diu Gtcichstronimaschinc," Vol. II., 190;f, pp. 147— 45a. 
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help of an inductionless auxiliary resistance or, if necessary, a 
compound winding may be used for starting). 

Further details regarding automatic starters and automatic 
reversing starters are given further on. 



Three-phase motors (asynchronous induction motors for two 
or three-phase alternating current) are almost always provided 
with starters, which are connected in the rotor circuit. Rotors 
wound for two or three-phase and provided with slip rings are 
therefore employed. 

It is, of course, also possible to insert starting resistances in 
the stator circuit, as shown in Fig. 257, the rotor being provided 
with a short-circuited winding only. This, however, has numerous 
drawbacks. In the first place, in consequence of the reduction 
of the voltage on the stator, the field is weakened and hence the 
torque lowered and the starting of the motor is thus rendered 
difficult, unless a very considerable increase of the rotor current 
be permitted. Besides this, we are limited to comparatively low 
voltages, since starting resistances for high voltages can hardly 
be constructed. In this way, however, an important advantage 
of the three-phase motor is lost, viz,, that the stator winding may 
be connected direct to the high voltage, whilst the rotor may be 
wound for any desired low voltage, so that the operation of the 
starter in the rotor circuit is always entirely free from danger. 

For these reasons, therefore, the starting resistance is only 
very rarely inserted in the stator circuit. In fact the resistances 
are almost always placed in the rotor circuit — that is to say, 
arrangements such as that illustrated in Fig. 258 (from Klockner) 
are used. In Figs. 258a and 258b a three-phase starter (open and 
with protecting cover) built by the Conz. Elektr.-Ges., Hamburg, 
is shown. 

It is, of course, necessary to use in connection with this a 
three-pole switch, which permits the disconnection of the motor 
from the line. For high tension it is best to use an oil-switch 
and, if necessary, to combine this with fuses and an amperemeter 
(sometimes also a voltmeter) to form a motor switch-box. 

When the voltage on the stator is low, the line-switch may be 
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directly combined with the starting apparatus, as shown in 
Fig. 259 (three-phase starter with line-awitch— Klockner). 

In Fig. 260 is illustrated a three-phase starter, built bj 
Scheiber &, Kwaysser, Vienna, in which the three brushes are 
united on one broad lever. 

According to Kahlenberg (Siemens & Halske A.-G.)a very great 
increase in the number of steps can be obtained by arranging 
that the individual steps in the three phases are switched in not 
simultaneously, but in succession alternately (cf. Fig. 261). The 

trifling loss ot sym- 

metry thus caused is 
so small as to he of 
no further importance. 
For instance, in Fig. 
261 the number of 
steps obtainable is 9, 
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Fig. 260. 



Fia. 261. 



whilst with the ordinary starters (similar to Fig. 258) only 3 steps 
would be possible. 

If the rotor be wound for two-phase, which is always per- 
missible with stators wound for three-phase — then the starter 
must be connected as shown in Fig. 262. The resistance used 
is a two-part one and is connected up precisely similarly to the 
three-phase one shown in Fig. 268. 

According to a suggestion of the A. E.-G., Berlin,*' a starter 
for a two-phase rotor may be constructed with a one-part resist- 
ance (cf. Pig. 263) by adding on the lever H an auxiliary brush h 

• D.R.1'., 131854 J g£., " Elektrolecbniseho Zeitschritt," 1003, p, 59S. 



SWITCHES AND SWITCHGEAR 



803 



Out 



which switches one part tv^ of the resistance w into the phase I, 
whilst the other part to" is in circuit with the second phase. 
When the resistance steps are suitably 
dimensioned, the absence of symmetry 
which is occasioned is not of import- 
ance, even in passing over to the short- 
circuit position (Fig. 263, c). 

The arrangement can, however, be 
still further simplified,* so that not 
only a two-phase rotor, but also a 
three-phase rotor may be started with 
a simple continuous current starter 
(see Figs. 264 and 265). To carry this 
into effect the rotor windings must be 
connected in series during the starting 
period and only short-circuited in the end-position of the lever, 
the brush being made for this purpose sufficiently broad to cover 
two contacts. In the case of the two-phase rotor a saving in 




?L/xJ 



Fig. 262. 




Fig. 263. 




resistance of about 30 per cent, is thus effected and with the 
three-phase rotor a saving of about 33 per cent., quite apart 
from the simplification of the switchgear. Certainly, in the case 

* Nietbammer, *• Elcktrotechnische Zeitschrift/' 1899, p. G04. 
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of the three-phase starter, a certain amount of distortion of 
symmetry occurs which renders the starting conditions less 
favourable, but which is not of sufficient importance to make 
the arrangement impracticable. 

Finally the slow switching-in device of Klockner may be 
mentioned (Figs. 266, 266a, 266b), which is intended to prevent 
too rapid a motion of the starting lever and thus to obviate the 
possibility of damaging the motor. The contact lever /t, which 
is separate from the hand-lever H, is extended backwards and 
carries a toothed quadrant Z provided with a slit i, whilst the 
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Fig. 264. 



Fio. 265. 



hand-lever H, which is pushed over the axis and can rotate 
smoothly about this, is connected with the contact lever h 
through the medium of a weak spring/. This spring pulls the 
hand-lever over towards the left, until the pin s touches the right- 
hand end a of the slit i in the contact lever. Both levers are 
then exactly above one another, so that both can be brought 
together by means of the handle G into the "out" position (right 
over on the left-hand side). If, now, it be desired to start the 
motor, then the hand-lever is moved towards the right. At first 
this movement of H produces no effect until, just before the end- 
position on the right (" in ") is reached, the pin «, striking on 
the left-hand end of the curved slit i, carries the contact lever h 
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with it and brings it on to the first contact 1. Meanwhile the 
first tooth on the quadrant Z has baen carried beyond the fixed 

5 ^_ r-v ,^ ^ 



protecting piece b, so that the catch k can engage with this first 
tooth, if the hand-lever he moved b{ick one stop. If, however, 



the hand-lever be then brought back again immediately into the 
end-position on the last right-hand stop, then the click k, having 
engaged, carries the quadrant Z and hence also the contact lever 
h with it until contact 2 is reached. At the same time, however, 
the second tooth has now been brought forward beyond the 
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protecting piece It bo that the operation of switching-in can be 
cODlinued in the same way. In consequence, however, of the 
fact that it is necsBsary each time to move the hand-lever H 
one stop backwards and forwards, too rapid switching-in is 
effectually prevented. In Fig. 2IJGc another slow switching-in 
device made by the same firm is shown. 

Similar slow cut-in devices for starters are also made by 
other firms. 

For automatic starters suitable retarding devices (braking 
devices) must also be provided, as will 
be mentioned later. 

Some remarks may be inserted here 
regarding exciter reHistancea for shunt 
generators. Fig. 2f>7 shows the system 
of connections usually employed (from 




Klockner, lirst suggested by Egger, Ver. El.-A.-G., Vienna). The 
brufih on the lever /,■ must he made sufficiently broad to connect 
the contacta and 1 first on switching out before passing over 
to only. The advantage of the system of connections shown is 
that, on switching out, the excitation is first weakened hy the whole 
of the series resistance and then both ends of it are connected 
to the same pole of the supply and are thus short-circuited and 
rendered dead, so that the self-induction effect which arises when 
the field disappears, can dissipate itself harmlessly in heat 
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Only the current which has been weakeDsd by the indnetion- 

lesB regulating resistance is broken at I, so that the arcing is 

reduced to a minimum. 

Fig. 268 shows the exterior of an exciter Tesistance,* which is 

arranged in the usual way, but is 

mounted on the switchboard in 

the manner indicated in Fig. 269. 

It is operated either by means 



Fig. 268. ' Fio. 269. 

of a. hand-lever or a hand wheel, an indicator being provided in 
the latter case, which shows the position on the stops. 

Frequently, also, automatic shunt regulators are used, which 
are intended to prevent large variations of voltage when the 
driving motor does not work uniformly or when the load varies. 
In such cases the adjustment of the regulator lever is almost 
always effected by means of a voltage relay. 



E. — Automatic Startrra and lielay Starters. 

It has been already mentioned in connection with the theory 
of starting resistances and the calculation of the steps (cf. 
p. 185), that the individual resistance steps mast not he switched 
out at any desired speed, but that the first steps must be cut out 
slowly, whilst the succeeding steps can be switched out more and 
more quickly, since the individual times may be allowed to 
decrease according to a geometrical progression, jast as the 
speed of the motor bxcreasea according to the same law. 

If now the motor starter must be given over to the care of a 

■ Klijckoer, Cologno. 
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staff which is not especially trained or possesses no technical 
knowledge of the conditions, then it is advisable to construct the 
starting apparatus in such a way that the staff, although able to 
switch in the motor, can nevertheless not influence in any way the 
speed with tohich the individual steps of the starter are switched out. 
Starters constructed on such lines are termed '' automatic 
starters." They are used principally for lifts — and, in fact, not 
only for passenger lifts (in which of late they are usually 
employed with press-button control), but also for goods lifts, 
where the commencement of the motion is usually effected by 
means of steering ropes. 

In the case of all automatic starters the switchboard staff has 
merely to release a catch, so that an auxiliary force (generally 
gravity, sometimes the tension of a spring) can set the starting 
apparatus proper in motion. In order, now, that the motion of 
switching-in should take place with the right rapidity and should 
on no account occur too quickly, it must be retarded in the 
correct way by means of a suitably arranged braking device. 
The apparatus must, of course, have been adjusted beforehand 
for a definite speed of the switch apparatus, since a longer or 
shorter period of duration of starting will come into consideration 
or will be specified, just according to the purpose for which the 
automatic starter is to be employed. Finally, it is very often (in 
fact, in almost all cases) necessary to govern both directions of 
movement {i.e., raising and lowering) with the automatic starter. 
These apparatus are therefore generally made also as automatic 
reversing starters. 

The designer generally has, however, the further task of 
designing the apparatus in such a way that it can be used either 
for continuous or three-phase current without alteration (or, at 
least, with slight alterations only) of the connections or of certain 
small parts. This double applicability, which reacts very favour- 
ably on the prices in the case of manufacture in quantity, can, 
of course, only apply to the contact apparatus, since the resis- 
tances proper must be specially designed to suit the motor con- 
cerned in each particular case, and besides this are dependent 
amongst other things upon the voltage. The individual sizes 
(types) are, however, only determined according to the current. 
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The system of connections for a reversing starter for a con- 
tinuous-current shunt motor is shown in Fig. 270 (from Kldckner). 
The method of operation is essentially as follows : — The crank 
K, which is firmly keyed on to the axle 0, turns to the right or 
left, whenever the axle is caused to 
move to the right or left hy means 
of the pull rope (steering rope) 
through the agency of a pulley. 
In consequence of this the roller 
attached to the end of the crank 
arm runs in the first place along 
the circularly curved lower edge of 
the arch B, so that at this stage the 
brush-carrier T attached to B is 
neither raised nor lowered. During 
this part of the motion of the 
crank K (about 60°) the armature 
is switched in by means of the two- 
pole change-over switch tt u in one 
way or the other, and the direction 
of rotation of the motor is thus 
determined. When the crank K is 
rotated further, the roller leaves the 
arch B, so that the latter is set free 
and sinks slowly downward (at a 
speed which is governed by the 
braking device), thus carrying the 
switch proper T over the resistance 
contacts. In the first place the 
brush bridge T connects the long bar 
Li with the uppermost contact 0, 
so that the current flows from Li 
through T to 0, and then, on the one hand, passes to the field 
through Fi and returns to the lead La through Fa, whilst, on the 
other hand, it goes from through the auxiliary contact y and 
the blow-out magnet (arc extinguisher) in to the starting 
resistance W. After flowing through this latter it leaves at the 
contact n and then passes through the armature from left to 
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Fig. 270. 
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right, or right to left (according to the direction of rotation of 
the crank K and the change-over switch u u), and thus reaches 
the return lead La. As the brush-bridge T sinks downwards so 

the contacts 1, 2, 3 ii of the starting resistance W are 

reached, until finally the armature is connected across the full 
voltage. 

On switching out the brush-bridge is first forced upwards 
by the crank K into the top position ("out" position), and 
then only is the change-over switch uit (now free from current) 
brought back again into the middle position. Whilst now the 
brush-bridge T T is passing over from the contact 1 to con- 
tact 0, the electromotive force of self-induction, which arises in 
the field windings, has the following path open to it : — From 
Fa through the armature and the change-over switch u n to 
the contact n, then through W and the blow-out magnet m to 
the auxiliary contact y and thence through contact back to 
the field Fi. The current thus arising remains in existence for 
a short time (without alteration of direction) even when the 
brush-bridge T leaves the contact and the long bar Li, so 
that the arc formed at this moment by the switching off of the 
lead Li is blown out by the powerful field of the spark extin- 
guisher. When the brush-bridge finally reaches the two auxiliary 
contacts x and y, the circuit of the field is short-circuited in the 
following way : — Fa, x, bridge T, y, 0, Fi, so that the rest of the 
electromotive force of self-induction can annul itself in this way, 
whilst the field disappears gradually and without danger. 
Breaking down of the magnet winding is therefore not to be 
feared at all, even with the most rapid operation of the steering 
rope and of the switching device. 

In Fig. 271 a similar automatic reversing starter for three- 
phase motors with slip-ring armatures (three-phase asynchronous 
induction motors) is shown diagrammatically. 

The reversal of the direction of rotation is effected here by 
interchanging the two leads Li, La, and the exciter terminals 
Fi, Fa, the break being made at the brushes ti and fca. The 
switching-off of the resistance steps is, however, effected by 
means of the triple brush h^. 

As regards the braking devices, these must cause a slow 
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switchiag-in movement, but must at the same time permit a 
switching-out movement ol any desired rapidity — that ia to say, 
the braking action must only take place in one direction. The 
most obvious solution consists in providing the brush-bridge T 
with a rack, which drives an air-vane through the medium of a 
long train of wheels (geared alto- 
gether to 1 : 100 up to 1 : 150) 
as has been employed, for instance, 
in designs of the A.E.-G. in 
Berlin and of the Schumann- 
Elektr.-M'erke in Leipzig. The 
possibility of carrying out the 
upward motion at any desired 
speed is here attained by means 
of a ratchet and click (similar to 
those used in clocks) inserted in 
the train of wheels. In place of 
the air-vane, a pendulum brake 
(adjustable by means of weights) 
or an escapement (similar to that 
used in pendulum clocks and in 
watches) may be employed. In 
thiH latter case, of course, a ratchet 
and click device is also necessary, 
in order to allow of a rapid 
switching-out motion. Pendulum 
brakes have, however, the dis- 
advantage that the starter makes 
a considerable noise, since the 
comparatively powerful system of 
wheels caui 
starting. 

A quieter action is obtained by the use of eddy current brakes 
(similar to those on electricity meters), which are also driven by 
means of a rack and a long train of wheels, and which generally 
consist in the main of a copper or aluminium disc, moving 
between the poles of one or more permanent or electro-magnets. 
By altering the position of these magnets, or by supplying them 
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'with a stronger or weaker exciting current, the senBittvenesB can 
be altered and adjusted within very wide limits. Besides this, 
TV'hen electro-magnets are used, a damped motion on switching in 
and an undamped motion on switching out can be obtaine<^ with- 
out a rachet and click by allowing the electro-magnet to be 
switched in only during starting and cutting it out when the 
motor is switched out. 

The braking device* employed by Klockner is very curious 
indeed. In this (see Figs. 272 and 272a) the brush-bridge raises 




the cross-piece B (which is provided with guides F F), in conse- 
quence of which the screw S is turned through the agency of the 
nut M fastened in B. The screw spindle, which moves in bear- 
ings on the frame G G, transmits (he motion by means of the 
ratchet wheel Sj> to the two arms A A, to which the suspended 
balls K K are attached by the aid of cords. With the direction 
of rotation indicated in Fig. 262 (which corresponds to switching 
out, B being raised) the ratchet Sp slips below the catch. With 
the opposite direction of rotation, however, the arm system A A is 
forcibly carried on with the rest, so that the balls K K fly upwards 
rapidly through the action of centrifugal force. In consequence 
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of this the cords wind themselves round the rods a and h and 
thus permit the downward movement of the brush-bridge to take 
place only in steps. By varying the length of the cords and by 
altering the weight of the balls this braking device can be 
adjusted for different speeds of switching in. As a particularly 
valuable characteristic of this braking device it should be noted 
that the brush-bridge remains stationary on each individual 
contact for some time — in fact, until such time as the cords have 
wound themselves up and down again. 

The centrifugal brake designed by Becker, which is much used 
in crane working, is also employed in a smaller form as a retarding 
device for automatic starters. 

Liquid brakes have also been used (oil or glycerine dashpots), 

but these have not proved permanently 
satisfactory in practice, since the varia- 
bility of the dashpot friction, as also 
the dirty nature of the apparatus in 
itself (consequent upon the unavoidable 
hardening and leaking of the oil and 
glycerine) renders regular and certain 
continuous working impossible. 

Better results have been obtained 
with air dashpots. With these, however, 
it is of great importance in practical 
working to provide a suitable constructional design. Ordinary 
plungers with metal or leather ring packing generally oflfer very 
great frictional resistance to the motion, and, since for this reason 
lubrication of the piston is necessary, variations of the sensitive- 
ness in consequence of the thickening of the lubricating material 
are unavoidable in practice. These drawbacks are obviated in the 
design of air dashpot, which is shown in principle in Fig. 273, 
and which is employed in the new automatic starters made by 
the firm of Scheiber & Kwaysser, Vienna (cf. Fig. 274*). The 
device (similar to the older direct-acting non-automatic air-suction 
brake of Hardy's design) consists of a two-part cast iron pot A B, 
the lower half A of which has a large opening, whilst the upper 
half is provided with a bell valve V (sometimes a cone valve with 

♦ Austrian patent No. 29,217. 
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a light spring), and has besides this a very small opening b, the 
size of which can be adjusted at will by means of a screw s. 
Between the two halves A B of the pot a soft leather washer L is 
clamped, which is gripped between the two discs K and tightly 
fastened (screwed down) by means of a nut K on to the rod /. 
This latter is connected through suitable systems of levers with 
the contact brushes. The upward motion of the rod can uow 
take place rapidly since the air above the leather washer can 
easily escape through 
the valve V. As may 
be readily seen from 
Fig. 274, this motion of 
the rod ( is effected by 
means of a shaft pro- 
vided with cams. The 
downward motion of the 
rod t can, liowever, only 
occur slowly, since the 
valve V closes itself and 
the air is only able 
to stream in slowly 
through the opening b. 
In the actual construc- 
tion of the apparatus 
it is advisable to form 
the valve V and the 
regulating device s into 

^ ,., one common valve 

Fig. 2(4. , , „, 

chamber. The contact 
device • consists of copper rollers, over which contact springs 
glide, these latter Iming symmetrically formed so that, when they 
are much worn, they may l>e turned round so as to expose new 
surfaces. The contact rollers ate provided with large auxiliary 
rollers, which act as sparking contacts and can also be readily 



All the retai-ding devices for automatic starters described up to 

the present merely switch off the steps of the starter slowly, 

* Austriun palwit No. 28.G60 ('■ Eltktr, u, Masuliiueubau," Vieims, 1907, |). 758). 
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according to the time for which they are adjusted ; but they do 
not afford any protection for the motor against too rapid a 
growth of the current in the event of the armature — in conse- 
quence of an irregularity of some. sort — only starting up very 
slowly. In this case either the fuses or else the automatic 
switches must effect the protection of the motor. 

The switching-off of the individual steps can, however, be 
effected in the most perfect way by arranging that the starting 
lever shall only be permitted to move on to the next contact 
when the motor has attained the speed corresponding to the 
particular position of the starting lever. This condition can be 




Motor* 



Fig. 276. 



fulfilled either mechanically or electrically. Fig. 275 shows a 
mechanical solution of the problem, as employed in the auto- 
matic starters of the Siemens & Halske A.-G. The individual 
contacts, which are connected to the steps of the starter, are 
arranged in a circle and are touched in turn by carbon contacts 
arranged resiliently on radial arms and mounted on one shaft 
(though they are, of course, insulated from this) in such a way 
that the carbon 1' first reaches the contact 1, and then carbon 2' 
the contact 2, thus short-circuiting one step of the starting 
resistance. The carbon 3' then comes into touch with the 
contact 3 and so cuts off the next step, and so on, until finally 
the armature is connected across the full voltage. The necessary 
movement of the lever system, which carries the carbon contacts, 
or of the corresponding spindle A, is effected by means of the motor 
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itself, the spindle of the latter being arranged so as to operate a 
centrifugal regulator by means of a belt or cord drive. This 
regulator then acts through the medium of a rod Z on the 
lever H, which is keyed on to the spindle A of the carbon 
contacts. When the speed of the motor armature increases, the 
centrifugal regulator will, of course, fly out farther and farther, 
and the spindle of the carbon contacts will consequently also 
turn farther and farther, so that the latter will cut out (or short- 
circuit) more and more steps of the resistance. With this 
arrangement, therefore, the switching out of the individual 
resistance-steps can only take place when the motor has actually 

accelerated in the proper way — which 
means that by the aid of this simple 
mechanical device it is ensured with abso- 
lute certainty that the current variations 
shall be only between the limits Cf^ax. and 
Cnornuii, ^s was, iu fact, assumed in the 
calculation of the steps of the starter 
(cf. " Calculation of Starters,*' pp. 173 — 
176). 

The same action can be produced elec- 
trically (as shown diagrammatically in 
Fig. 276) by causing the motion of the 
starter lever to be effected by means of an 
electro-magnet M, v/hich is connected with 
the armature brushes, and thus, as the armature voltage increases 
in consequence of the increasing armature speed, becomes more 
and more strongly excited, and in this way gradually moves the 
starter lever forward at the right time. 

Both in the type of starter shown in Fig. 275, and also in 
that shown in Fig. 276, the starting lever is brought back auto- 
matically into the starting position (in which the whole resistance 
is in circuit) on switching out the motor. 

This operation of pulling back the lever is effected by the 
action of a strong spring or a weight. In both the types under 
consideration a two-pole switch is employed for switching-in the 
motor, this switch being either directly operated by hand or else 
by means of a pull-rope and suitable intermediary mechanisms. 
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Id the cuse of a reversing starter a double-pole throw -over switch 
ie also provided, in order that the armature connections may be 
changed according to the direction of rotation. 

If, in place of the single sucking magnet of the starter. Fig. 276, 
saveral "pull-in" magnets be arranged to operate successively 
in such a way that a certain minimum voltage is necessary for 



Fin. 277. 

each magnet before it attracts and holds its armature, then we 
arrive at the type of starter known as " relay starter." This 
type lias, in consequence of its very useful inherent features, 
come very much into use of late (particularly in press-button 
control apparatus for lifts). A relay starter built by the Siemens- 
Schuckert Werke in shown in Fig. 277, from which it can readily 
be seen that the essential parts are built in the form of switch-in 
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magnets (relays), the armatures of which close certain contacts 
either directly or through the medium of systems of levers. The 
contacts, which are best made in the form of pressing contacts 
(resilient contacts), consist of carbon on copper or carbon on 
carbon, and hence any burning or fusing together is very 
effectively prevented (see also " Remote Control Switches," 
p. 150 et seq., and Fig. 168, p. 141). 

In the following pages some systems of connections for relay 
starters are illustrated and described.* These have been 
arranged in chronological order, commencing with the simpler 
forms and proceeding to the more complicated ones. It must, 
however, be mentioned here that in this particular class of 
apparatus important modifications and improvements are made 
almost from day to day, and that, therefore, the order in which 
the following descriptions are given (and which has only been 
chosen for the sake of giving a more intelligible introduction into 
the subject of relay starters) must not in any way be taken as 
implying that those firms, which placed the first imperfect forms 
of starter on the market, have not in the meantime brought out 
important improvements in their old designs. 

The system of connections first suggested by Voigt & HaefTner, 
A.-G., is illustrated in Fig. 278, in which I, II, III, IV are the 
relays, 1, 2, 8, 4, and a, b, c, the main contacts and the auxiliary 
contacts respectively, ?ri, w^, «'3, '^'4 the steps of the starting 
resistance, w^, ir^, u\ series resistances for the relay-coils, A 
the armature of the shunt motor, NS the field magnet winding 
(shunt), and S the main switch, which has to be closed when 
starting and opened when stopping the motor. In the position 
of rest the relays I, II, III, IV are connected in parallel 
with the armature through the medium of the auxiliary con- 
tacts a, 6, c. 

When the main switch S is closed, then the current flows on 
the one hand through the field magnet NS, and on the other 
hand through all the resistance steps u'u ^t'2» ^^'a* ^^^4 to the 
armature, so that the motor commences to run. In consequence 
of this the voltage across the brushes increases until finally the 

• From Genzmer, " Elektr. Druckknopfsteuerungen fiir Aufzuge"; Hanover, 
Janecke, 1905, p. 58 et !<eq. 
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relay I operates and short-circuits the resistance step wi, so that 
the motor armature receives a current impulse and again 
accelerates its speed, thus producing a higher back E.M.F., 
which causes the armature of the relay II to be attracted. The 
result of this is that, on the one hand the second resistance 
step 1C2 is short-circuited, whilst on the other hand the auxiliary 
contact a is opened, so that the auxiliary resistance w is 
connected in series with the relay coil I. This is necessary, as 

UTa Wh Wi 

rA/WWW^VWWWWW\^ 




Fig. 278. 



otherwise the relay I, which is designed for the lowest armature 
voltage, would be overloaded with the higher armature voltage 
now existent (and which, as a matter of fact, would continue to 
rise until it attained the maximum value), so that it would be 
exposed to the danger of burning out. 

In the same manner the relays III and IV then short-circuit 
the other resistance steps and switch in the corresponding 
resistances, w*,,, «Vi iii series with the respective relay coils. 

In consequence of the parallel connection all the relay coils 
remain in circuit when the motor is running, so that a not 
inconsiderable consumption of current in the starter is caused. 
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Since, farther, in practice every relay had to be wound for a 
different voltage, the manufacture in quantity was rendered 
somewhat difficult. Besides this the winding of the relays in the 
case of high voltages was rather expensive, since many turns of 
fine wire were necessary, and this latter was not only very much 
dearer than thick wire, but also involved a less economical use of 
the winding space in consequence of the fact that the covering of 
the wire took up a relatively greater space. 

More favourable results are obtained by series connection of 
the relay coils, as is shown, for instance, in Fig. 279. (Klockner, 
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Fig. 279. 
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Koln-Bayenthal). Here, again, wu wa, ivs, wu are the steps of 
the starting resistance, A the armature and NS the field magnet 
winding of the shunt motor, whilst h, i, k, I are the main 
contacts, e, /, g auxiliary contacts, and a, h, c auxiliary resistances 
for the relay coils. 

When the main switch S (which may, if desired, be a double- 
pole one) is closed, then the current flows through the field 
magnet winding and also through all the steps of the starting 
resistance to the armature, so that the latter starts rotating 
and generates a certain back E.M.F., which is at first small. 
This causes a current to flow through //, /, e, a, and excite the 
relay 1, which attracts its armature, closes the contact h, and 
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so short-circuits the step tvi of the starter. The speed of the 
motor, and conEequently also the armature voltage, increases, so 
that the current in the cireait through b, and the relay coil 2 
(which is in parallel with e, a) becomes sufficiently strong to 
cause the relay 2 to operate. When this occurs, however, the 
resistance step ivj is short-circuited through the bridge-piece i ; 
but at the same time the auxiliary switch e is opened and the 



.U' 



Fio. 280. 



current in a thus interrupted, so that no watt-loss takes place 
there. 

The same process repeats itself in the remaining relays until 
the motor has reached its proper speed. At the conclusion of 
the starting operation the controlling current then only flows 
through the relay coils 4, 8, 2, 1 (which are connected in 
series), whilst the auxiliary resistances a, b, c, are entirely cut 
out of circuit by the agency of the auxiliary switches e, f, g. 

A system of connections employed by the Siemens- Schuckert- 
Werke, and illustrated in Fig. 280, consists of a number of 
relays, each of which is furnished with one current and one 
voltage coil. In the illustration wi, ivt, ics again denote the 
steps of the starting resistance, A the armature, NS the field- 
magnet winding of the shunt motor, and S the main switch. 



822 



SWITCHES AND SWITCHGEAR 



H is an auxiliary relay of high resistance, whilst I, II, III 
represent the real switching-in relays, which are provided with 
the main current coils Ai, A^, hs, and the voltage coils «i, «a, 83. 
The latter are connected in series and therefore each coil has 
only one-third of the total voltage across its terminals, so that these 
coils need not be wound with particularly thin wire. As regards 
the series coils Ai, h^, A3, it may be mentioned that the coil A3 has 
fewer turns than the coils hi and h^ ; besides this, the latter are 
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Fig. 281. 

each divided into two parts, of which one is put out of action on 
switching-out (or short-circuiting respectively) the preceding 
resistance step. The method of operation of this relay starter is 
as follows: — 

"When the main switch is closed, then the current flows from 
the -+- pole through 1, 2, to the voltage coils «3, «ai «i> and through 
3 to the point 4 ; from here a very small part of the current 
flows through the auxiliary coil H, but is insufficient to operate 
it, whilst the main portion of the current passes through the 
contacts 6, 6 to the armature A and back to the negative pole. 
(This path is indicated by the arrows.) The three relays I, II, 
III are therefore excited by their voltage coils and so attract 
their cores, thus closing the contacts 7-8, 9-10, 11-12, whilst 
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the contacts 5-6, 18-14, 15-16 are broken. Although now, in 
consequence of the break of circuit at 5-6, the current in the 
voltage coils su «2i Sq, is weakened (since the path of the current 
to the armature and back to the negative lead now passes through 
19, fts, u% Jiq, tt?2, hi, wi — shown by the arrows in brackets), still 
this is not of importance, since the first heavy current impulse 
would effect with certainty the puUing-up of the relay armature, 
whilst a much weaker current suffices for retaining this latter 




Fig. 282. 



in the raised position; besides this, the resistances of wu u% 
wq, and hi, h^, hs, are small in comparison to «i, sq, sq. 

Now, however, the current can flow along the following path 
to the auxiliary relay H (cf . Fig. 281) — from the -f pole through 
the main switch S, 1, 17, 18, 12-11, 10-9, 8-7, 19, coil H, and back 
to the negative pole ; just before this moment, which is shown 
in Fig. 281, the current had, however, also the path formerly 

mentioned 1- pole, 1, 2, «& «a» «i> 8> 4, 19, fta, w^, /t^, ?t'2, Ai, 

iri. A, — pole, as also a second path h pole, 1, 2, «8, «2, «i, 3, 

4, 19, H, — pole. The auxiliary relay H, now powerfully excited 
by the whole voltage, attracts its armature and closes the con- 
tacts 20-21, so that the current flows along the path + pole^ 
20-2 1, auxiliary coil H, — pole and bo keeps the auxiliary relay 

Y 2 



824 SWITCHES AND SWITCHGEAR 

permanently under current, whilst at the same time the main 
coils of the three relays I, II, III, are excited by current flowing 
along the following path — from the + pole through 1, 2, 20-21, 19, 
^8, «^*s» ^2, W2, hi, wu to the armature A, and the — pole. The 
armature A has now a sufficiently strong current flowing into it 
through the resistance steps wb, w^, wi, and it therefore starts 
rotating. 

The voltage coils of the three relays have, however, now gone 
out of action, since their ends, i.e., the leads 2 and 8 (19) are 
short-circuited by the now existent connection 2, 20-21, 19, and 
hence there is no longer any difference of potential between the 
points 2 and 8 (cf. Fig. 282). The relay cores are, however, 
now held up by the main current coils hi, h^, /is- 

When the armature has attained a certain speed, so that a 
certain corresponding back E.M.F. arises, the armature current 
has then decreased to the normal value (from Gmax. to C^in. 
— cf. p. 176), so that the main coil fta, which has considerably 
fewer turns than h^, h, can no longer hold up its armature. 
The relay III therefore falls down and connects the contacts 
18-14, thus short-circuiting the coil hs, the first resistance-step 
wq, and a part of the main coil h^. In consequence of this 
the armature current again increases to Gmax.> ^^^ armature 
accelerates still more, its back E.M.F. increases, and the 
armature current sinks again gradually to Cmin.9 bo that 
now the relay II comes into operation in an exactly similar 
manner to that in which the relay III acted. In the same 
way the relay I operates later on, so that finally the motor 
is connected direct across the line and runs at its full speed. 
The three relays I, II, III are, however, not in circuit (or 
rather they are short-circuited) when the motor is running, 
and consequently no watt-loss occurs ; since, further, the voltage 
coils 8i, 82, 8s are only momentarily in circuit and the main 
coils hi, h^, hs only during the starting period, hence they 
can be made of comparatively small dimensions without in- 
volving the risk of excessive heating. When the motor is 
running, only the auxiliary coil H remains permanently in 
circuit, so that the current consumption of the starter is very 
small. 
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In Fig. 283 is shown a relay starter for 60 h.p. at 110 volts 
made by the firm Yoigt & Haefher, A.-G. It is mounted 
up complete with an automatic device tor switching in 
and out. 

The rapid and immediate operation o( switch-relays (which 
always have their contacts press- 
ing perpendicularly against one 
another, so that with carbon con- 
tacts fusing together or burning 
of the contacts is hardly conceivable) 
permits of the use of a smaller 
number of resistance steps, in spite 
of the fact that the ratio (Coax. • 
C„:^) then becomes somewhat 
greater ; for it is certain that none 
of the resistance steps will be 
switched out before the motor has 
attained the correct corresponding 
speed. For these reasons relay 
starters are particularly suitable 
for automatic systems — all the 
more so, since they possess only 
very small frictional resistance, 
whilst the other resistances to 
motion can be controlled with com- 
plete certainty. 

In electric train controllers (appa- 
ratus for regulating the speed of a 
number of motor carnages coupled 
together on electric railways, as used, Fio. 283. 

for instance, in the ease of town and 

suburban railways), switch apparatus are used which possess a 
certain similarity to the relay starters. They differ, however, 
from the latter principally in the fact that the switching-in of 
the various switch-relays, which have to cut out the starting 
and regulating resistances or to connect the motors in series or 
parallel for the purpose of regulating the speed, is not effected 
automatically, but is carried out by the driver on the first 
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carriage with the help of the so-called " master-controller " (an 
auxiliary source of current, such as a small battery of accumu- 
lators being used to supply the current). The " master- 
controller " is a small cylindrical controller, which has only to 
switch the comparatively small controlling current on to the 
variouB Bwitching magnets arranged in the individual carriages. 
These switching magnets then switch in or regulate the main 
current on all the carriages at the same time and in the same 
way. Each carriage is therefore provided with its own current 
collector (generally arranged for the " third rail system ") a 
multi-pole lead-connecting device (plug contact) being used 
between the individual carriages to convey the controlling 
current from the "master- 
controller " to the switching 
magnets. These lead-coup- 
ling devices have nothing 
whatever to do with the 
main current, and can there- 
fore be connected and dis- 
connected without danger, 
since low - tension current 
(often at only 20 to 30 volts) 
is quite sufScient for the 
excitation of the switching 
magnets. Since, further, the currents in the controlling 
circuit are only very small, a comparatively thin cable may 
be used. 

The switching magnets on the cariages themselves are there- 
fore really remote control switches (as is, in fact, also the case 
with the relay switches). A suitable number ol them is provided 
in each carriage, and these serve for the switching-out of the 
resistance steps and so on. They are generally furnished with 
a powerful magnetic blow-out for extinguishing the arc and with 
fire-proof screening covers over the main contacts. Switches of 
this Uind, which are known on the Continent under the name of 
" Schiitz " have also proved very satisfactory in practice as main 
switches for crane work (ef. Fig. 284. A.E.-G. "Schutz" for 
crane controllers). 
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F, Controllers {Cylindrical Type Starters^ Traction 

Controllers),* 

When the contacts and the contact springs (brashes, contact 
fingers) of a starter are arranged in several parallel planes at 
right angles to the axis of rotation of the contact lever (switch 
spindle), then we obtain the type of design which is known under 
the name of '' controller." The individual contacts are arranged 
on the outer surface of a cylinder in accordance with the 
desired succession of changes of connections in such a way that 
they press up against fixed (but somewhat resUient) contacts 
(known as fingers) so that when the cylinder is turned, the 
various alterations of the connections are carried out with 
certainty in a comparatively simple manner. 

Controllers were first used in America for driving tramway 
motors— a field of apphcation in which they now hold sole 
sway everywhere. The use of controllers is, however, just as 
extensive in all those other branches of electric transmission 
of power, which present similar conditions of working to tram- 
ways. Such are, for example, all power plants for' cranes, 
loading and hoisting machines in mines, etc., as also electric 
motor-cars and electric locomotives used for the traction of vessels 
on canals, etc. 

In all the various fields of application which involve frequent 
starting, retarding and stopping and often necessitate very com- 
plicated systems of connections, the controllers have the great 
advantages over the ordinary starters that they require com- 
paratively little space, that the contacts can be made strong 
and easily replaceable and that a powerful spark-extinguisher can 
be provided without any particular constructional difficulties. 
Besides this, the current-carrying parts can be easily and 
excellently insulated from one another even for high voltages, 
and furthermore the striking over of the breaking arc from one 
contact to another can be avoided without great difficulty by the 
insertion of fire-proof partitions. Finally, the cost of manu- 
facture of controllers in comparison with ordinary starters of 

* Cf. also Vol. IX. of the " Repetitorien der Elektrotechnik, Sattler, Elektrlsche 
Traktion." 
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equally reliable and strong eonetructiioii (switches of non- 
cylindrical form) IB less. 

As regards the constructional design of controllers, the follow- 
ing types have become standard : — 

(a) The individual contact rings, segments or short separate 
contact pieces are screwed on to the controller cylinder — which 
is made of insulating material and is fixed to the cylindrical (or 
square) spindle through the medium of flanges — and are con- 
nected with one another as desired by means of copper strip or 
circular copper rod. It is not, however, always easy to find space 
for these connections and hence this design 
' can frequently not be used. Besides this, in 

most cases the magnetic spark -extinguishers 
cannot be arranged in a satisfactory manner 
in this design, and on this account it is 
generally used only on reversing controllers, 
where the switching movements only take 
place when the apparatus is free from current. 
The reversing cylinder of such controllei's is 
mechanically connected with the main cylinder 
(for switching in and out and regulating the 
speed) in such a way that the reversing cylinder 
con only be moved when the main cylinder is 
in the position of rest and the current supply 

Fia 285. t*""^ """^ ''^■ 

This mechanical inter-connection of the two 
cylinders, which, apart from trifling differences in the construc- 
tional design, is effected in the same way in almost all the 
traction-controllers manufactured in the whole world is made 
double-acting, so that the main cylinder (large cylinder, speed 
regulating cylinder) can only be moved when the reversing 
cylinder (small cylinder) is in one of the two positions marked 
" forwards" and "backwards" respectively. 

By the employment of the double-acting, interlocking device 
the provision of a magnetic blow-out on the reversing controller 
is rendered quite unnecessary, since sparking can never occur 
on the latter. 

Since, therefore, the danger of fire has not to feared, the 
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reversing cylinders inity be, and indeed frequently are, con- 
structed of impregnated \vood. Fig. 285 showe a wooden cylinder 
of this kind. The connecting leads are generally embedded in 
grooves cut in the wood, these being then 
covered over with the melted insulating 
material. 

Cylinders of this kind are also frequently 
made of artificially compreseed insulating 
materials (Ambroin, Stabilit, and the like), 
in which case they may be constructed 
somewhat in the form shown in Fig. 286. 
This latter construction is to be preferred 
for high voltages, whilst for low voltages 
wood may quite well be employed. ■ As a 
matter of fact, wooden cylinders have 
proved quite satisfactory in practice for 
the reversing cylinders of tramway con- 
trollers up to about 600 volts and are 
— . indeed still employed to-day, although they 

are not now often built in this form. 
{b) The individual contact rings are 
I pushed on to the square controller spindle 

Fio. 286. (from which they are, of course, insulated) 




Fig. 287. 



Fio. '. 



and are tightly gripped (cf. Figs. 287 and 288). These contact 
rings have certain segments cut out of them, so that they only 
come into contact with the contact fingers in certain positions 
of the controller handle. In this design each contact ring 
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correeponds to a contact finger, and the contact rings are always 
arranged in groups in Buch a way that all the rings belonging to 
a given group are connected with one another (by means of wireB 
or copper strips, which can easily be arranged in the spaces 
between the arms of the rings), whilst the individual groups are 
insulated from one another. 

It is also common practice to screw the rings belonging to 
one and the same group on to one common cast-iron dram (cf. 




Fig. 289), this latter being provided with machined surfaces, in 
order to render it possible to fix on the contact rings firmly and 
accurately. This method of construction is particularly to be 
recommended in the case of those groups which contain a large 
□umber of contact rings. 

In this design (ft), with rings divided into groups, it is generally 
necessary to make some of the contact fingers double or multiple. 
This is the case when they occur in more than one group. This 
construction makes the height of the controller greater, but has 
on the other hand the advantage that it renders wire connections 
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unneceseary and that hence the reliability of the apparatus with 
regard to the lasting properties of its inBolation is eonsiderablj 
increased. 

(c) Insulating rings of Stabilit, Ambroin, or the like, are 
arranged in a row on the 
round or square controller 
spindle, and the copper con- 
tacts, rings or se^ents, are 
then screwed on to the outer 
surface of these. The copper 
segments can be readily con- 
nected to one another in 
accordance with the pro- 
posed eystem of connection 
by means of strong copper 
wires, which are completely 
embedded in the insulating 
material (cf. Fig. 290). This 
design not only renders the 
mounting up of the appa- 
ratus comparatively simple 
and permits of th^ ase of 
insulating rings of the same 
size throughout, but at the 
same time allows of a very 
practical and reliable 
arrangement of the contact 
fingers, since the points 
where break of circuit takes 
place are completely inside 
the enclosed spaces formed 
by the insulating rings and 

thefireproof protecting parti- p^^ 291 

tions, which project between 

these. The projecting partitions are attached to extensions of 
the pole of the arc-extinguishing magnet, this pole being generally 
so constructed that, after removing one or two screws, it can be 
swung back together with the partitions on a hinge. In this way 
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the contBct fingerB are rendered easily accessible, Ets can be seen 
more clearly from the illustrations (Figs. 288, 291, 292, 293, 
294, 295). 

The height of controllers constructed according to method (c) 
is comparatively small, as each contact spring only needs to be 
single. 

(d) In modem controllers for electric cranes and railways 



" travelling " contacts are often used in connection with a blow- 
out magnet for extinguishing the arc* The design is then 
generally carried out in principle in the following way : the 
controller cylinder itself carries only those contact rings or con- 
tact pieces which, in conjunction with the corresponding contact 
fingers, effect the necessary changes of connections of the arma- 
ture and field magnet and perhaps of the brake magnet, in order 

• Cf. tbe author's article in the " ZeitBchrift fur Elektrotechuik," Wien, 1905, p. 289. 
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to prepare the nmning positions for "forwards" and "back- 
wards " (or "upwards" and "downwards" respectively), or some- 
times even the position for the Bhort-circuit brake. The regula- 
tion itself, i.e., the stepping-up.or down in the individual running 
and braking positions, is effected by means of a "travelling" 
contact, which is attached to the upper or lower edge of the con- 
troller cylinder, and moves with this latter when it is turned. 
This travelling contact, which is connected with corresponding 



PiO. 293. FiO. 294. 

contact rings or contact pieces on the controller cylinder, comea 
into contact with certain fixed contacts, in accordance with the 
various positions of the controller handle. These contacts, which 
are insulated from one another, are arranged in a circle (like a 
commutator with a relatively small number of very small seg- 
ments) and are connected with the corresponding steps of the 
starting and regulating resistances. They might therefore 
appropriately be termed " regulating contacts." 

It ia necessary to take care that arcing can occur only between 
the travelling contact and the regulating contacts. This is 
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effected in the simpleBt way by arranging that, on awitching id, 
the contact fingers first make contact with the corresponding 
contact rings, and that then only does the travelling contact 
switch the current on to the corresponding regalating contact ; 
whilst on 8witching-oat the current must first be broken between 
the travelling contact and the regulating contact, and then only 
must the contact fingers leave the contact ring. Precautions 
must also be taken that the arc between the travelling contact 



and the regulating contacts is blown oat by means ot an ex- 
tinguishing magnet, b<^fore the contact fingers leave the corres- 
ponding contact rings. It is then no longer necessary to allow 
the blow-out magnets to act on the contact fingers (as is the 
case, for example, in types b andc), but it is quite sufficient to 
extinguish the arc at the above-mentioned place (between the 
travelling contact and the regulating contacts). Of course, it is 
necessary to provide replaceable contacts, not only on the 
travelling contact, but also on the regulating contacts, since it is 
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impossible to avoid the burning of these, in spite of the action of 
the magnetic blow-oat. 

In order to be able to fix easily the afore-mentioned correct 
moment for breaking circuit, it is advisable to make either the 
circle of regulating contacts or else the travelling contact adjust- 
able, so that these can be adjusted to one another easily and 
accurately. 

As concerns the blow-out magnet itself, this can be arranged 
according to one of two methods. In any case, however, the 
object will always be to 
produce as strong a field as 
possible in the immediate 
proximity of the place where 
the arc occurs. It is, there- 
fore, evidently advisable to 
insert the arc-extinguishing 
coil immediately in front 
of the travelling contact, so 

that this coil moves with 

the controller when the ' 

latter is rotated. The coil 

can generally be arranged conveniently in the hollow space in 
the interior of the circle of regulating contacts, the one end of 
the winding of the blow-out coil being connected to the travelling 
contact and the other end to corresponding contact rings. The 
blow-out eoU BM can be wound on a straight iron core, the axis 
of which is directed towards the travelling contact WK, so that 
the iron core moves round in a horizontal plane, if the controller 
spindle be arranged vertically (cf. Fig. 296), 

The blow-out coil can, however, also be mounted directly on 
the vertical controller spindle itself ; but in this case the core of 
the coil (sometimes the spindle itself) must be provided with a 
circular iron flange, which reaches as closely as possible up to 
the ring of regulating contacts, so that the lines of force of the 
blow-out coil emerge radially on all sides, and therefore always 
strike the arc at the travelling contect, wherever this may be 
formed. 
In the second arrangement we have therefore to deal with a 
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stationary magnetic field, whereas, according to the first method, 
the field itself is moved round with the travelling contact. Both 
of these designs are in use in practice. In any case, however, 
care must be taken that the arc, which is deflected and then 
broken by the action of the blow-out coil, cannot give rise to 
short-circuits. It is therefore advisable always to direct the arc 




Fig. 297. 



on to a fireproof insulated guard (asbestos, asbestos-cement, or 
the like), and to take precautions so that the direction of the arc 
is, if possible, such that it cannot move towards the contact 
fingers and contact rings of the controller, but only towards the 
free ends of these — for example, downwards, if the travelling 
contact be arranged beneath the contact fingers and contact rings. 
For instance, in Fig. 296, it has been assumed that the current 
flows from the regulating contact 1 to 2, and that the field is 
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directed towards 1 and 2 ; the arc would thus be deflected down- 
wards in accordance with Fleming's well-known three-finger rule 
(left hand, thumb points in direction of motion, first finger in 
direction of field, and middle finger in direction of current). 

{e) Instead of placing the contacts on the controller cylinder 
itself a number of contact levers may be employed, which are 
lifted up from fixed contacts by means of cam-wheels on the con- 
troller spindle, and are then switched in again by means of 




Fig. 298. 



springs. An arrangement of this kind is indicated in Fig. 297 ; 
it can also easily be made suitable for reliable working with 
higher voltages (about 440 — 500 volts or more). The cam- wheels 
D, the shapes of which are in accordance with the desired succes- 
sion of systems of connections, are fixed on the spindle W and 
arranged to operate the contact levers H on the roller r. The 
contact levers H are provided with the extension piece H' (which, 
since it carries current, is insulated), to which is attached the 
replaceable contact finger Ki. This latter works in conjunction 
s. z 
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with the fixed contact Ka, current being supplied tbroagb a sad b. 
The case is lined with sBbeBtos at F, in order to prevent the 
striking across of the arc, which occurs between Ei nnd Kt. 
Insulating partitions may also be inserted between the individual 
contacts, so that short-circuiting from one contact to another 
cannot take place. Where space is limited the contact levers can 
also be arranged on the right and left-hand sides alternately next 
to the cam-wheel, or, in some cases — though this is not often 




Fig, 300. Fio. 301. 

possible — each cam-wheel may be allowed to act on two contact 
levers.* In the latter case the horizontal lever arms (with the 
roller r) must, of course, be made shorter. 

Particular attention may be called to the tact that it is advis- 
able to effect the switching in of the contact levers by means of 
springs, whilst ensuring that the operation of switching out is 
caused by the positive action of the cams, since in this way, in 
the event of the springs breaking, unintentional and possibly 
dangerous short-circuits can never occur, 

• Cf. Edlcr, " Zeitscbrift £ur Elektrotechnik," Wien, 1904, p. 60*. 
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Another arrangement ol the contact levers controlled by cams 
is Bhown in Fig, 298. Here the pulley r is made of insulating 
material (for example, Stabilit or the like), and hence it is not 
necessary tor the contact lever to be huilt up of two parts 
insulated from one another. The current supply is effected 
through the medium of a flexible bare copper vire (similar to 
the bmshea on dynamos). The one contact (Kg) is of carbon 




^ 
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(sometimes electro-coppered or made of composite carbon), whilst 
the other (Ki) is either of carbon or, better, of metal (brass, 
bronze or copper). When this construction is used particular 
care must be taken that the pulley r remains in permanently 
good condition, since this ia unavoidably subjected to very 
considerable wear. 



As concerns the form and arrangement of the contact fingers, 
a reference to Figs. 299, 800, and 301 will be sufficient. A 
regulating screw », with nuts, must always be provided for the 
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proper adjuBtment of the finger F, and it mast be possible also 
to replace the worn contact fingers. In fact, very often not only 
the rnbbing contact itaalf is made replaceable (as, for instance, is 
the case in Fig, 301, where the contact can be removed as soon 
as the two screws have been slightly loosened), but the finger is 
also so constructed that the rubbing portion, together with the 
lever, can be taken out — for example, by rotation through a right 
angle — and replaced by a new finger, without it being necessary 
to loosen a screw. Particular attention must be paid to the con- 
duction of the current to the finger. An arrangement of this 
sort is shown in Fig. 302, from which it can easily be seen that 
the lever of the finger H (consisting of two strong strips of sheet 
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metal riveted or screwed to the contact piece F) is riveted to a 
link G. The axis z of this link is partially flattened, so that the 
finger lever H, after rotation through a right angle in the direc- 
tion of the arrow, can be drawn out from between the contact 
springs Fi and Fa, the latter being provided with corresponding 
slots VH and iih. The fiat spring B presses the finger against 
the contact ring, whilst the screw & serves for the adjustment. 

A similar arrangement of the contact springs is depicted in 
Fig. 302a (Voigt & Haeffner A.-G.). 

Since now the breadth h of each spring (cf. Fig. 801) cannot be 
taken as more than about \ in. (generally \ in. to \ in.), hence for 
very high current strengths several fingers can be arranged next 
to one another, or else a large number of stamped sheets can be 
arranged in a row on a bolt, as shown in Fig. 303 or Fig. 304, 
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and can be pressed on to tbe contact surfaces either by one 
common spring or by separate single springs. 

The area of the contact surface x h sq. ins. can be calculated 
if suitable values be chosen for the current density (t amps, 
per sq. in.) at the contact surface. We have then : — 

J amps. =: ixh . . . . (275) 

The following approiimate valnes for i may be taken (for the 
designs shown in Pigs. 299, 300, 801, and 802): — 

t/ = 80 50 100 200 300 amps. i 

t = 858 99-3 112-2 143-2 177-4 amps, per sq. in. )* 




Fio. 303. 



Fio. 304. 



In the designs shown in Figs. 308 and 304 i may be taken np 
to about 260 amps per sq. in. 

It is also of importance to consider the distribution of the 
forces at the contact fingers, in order to determine the connection 
between the peripheral force P on the controller cylinder (cf. 
Fig. 299) and the force Fa, which tends to raise the spring. The 
angle a, which in general should not be made greater than 60°, 
is of great influence in this matter.l 

The individual positions of the controller lever must be 
rendered stable (positive) and fixed by the employment of a 
ratchet-wheel with a suitable click (cf. Fig. 305). A quick 
motion from one step to the nest can be obtained by the use of 
* Cf. Edler, " Eleineiite der elcktromechaniacben Konstruktiuiieu," Wiuu, 11)08, 
Verlag DeDtickc, p. 96, Tablu LIX. 

f Kor further details sec Edtcr, " Elements der etcktromcchaniachuTi Konstnik- 
tionen," pp. 9G— 98. 
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pointed teeth a, or a slower motion may be produced by means 
of flat teeth h ; farther, a motion similar to that of a connecting 




'^ 
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Fig. 305. 




Fig. 306. 



rod may be obtained by suitable formation of the teeth c. The 
cam levers (catches) should be provided with a small roller r, and 
projections /(see Fig. 305) may with advantage be employed to 
ensure against the possibility of slipping out. These projections 
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may be either stamped out of sheet metal or else cast. Tne line 
connecting the centre of the little roller r and the axis of the 
cam lever should fall in the direction of the tangent on the 
cam -wheel R.* 

The mechanical interlocking of the main cylinder (regulating 
cylinder) and the reversing cylinder, which has already been 
mentioned above (p. 328, type a controllers), can be effected in 
the way shown in Fig. 306. The positions 1-4 correspond to 
the individual speed-steps of a series motor with regulating 
resistance in series, whilst positions £>-6 are used for running 
with the field weakened (these 
are only used for running for- 
wards). In running backwards 
and retarding (braking) only 





FiQ. 307. 

the steps 1-4 are employed. The changes of connections for " for- 
wards," " brake " and " backwards " are effected by means of the 
small handle on the right-hand side. Both handles can only be 
removed in the " out " position, as can readily be seen from Fig. 
307, which latter represents a standard driving controller for 
tramways, where the reversing cylinder has only the " forwards" 
and " backwards " positions, and the running and braking 
positions are controlled by means of the main cylinder. 

The interlocking of the two cylinders with one another can 
also be effected without a special locking lever by the aid of two 
locking discs only, as shown in Fig. SOB. 

* With rcfurencc to the aclion ot the forces on the cam-wheel, Bee Edlcr, " Ele- 
mvutc ilur clcbtrumccliauiscbeu Konatruktiouuu," iip. 101, 103. 
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The most important problem in the design of controllers oon- 
Bists in the determination of the number of contact rings and 
contact fingers, and the arrangement and connection of these to 
the armature, field-magnet, resistances and leads, or, in the 
other type of controllers, the determination of the number and 
form of the cam-wheels. The author may claim for himself the 
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honour of having been the first to place systematic work in this 
direction before the notice of the engineering world,* and it is 
therefore unnecessary to repeat here the methods by which the 
desired results can be obtained in a comparatively simple 
manner. It will be sufficient to give some of the typical 

* Cf. £(Uer, "Entwurf von Schaltuugen tiud Schaltapparaten (Schsttungs- 
theorie)," Vol. I., Hanover, 1905,Dr. Mas Janecke. Also "Zeitschritt fur Elektro- 
t«chnik,"Wien,1903,No8.91an(l.12; 1004, Nos.34Qna35; 1905, Na 19 ; '■ Elektro- 
technische ZeitschriEl," Btrlin, 190fi, No, 31, p, 726. 
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BX^tGIns of connections for the controller cylinders of crane- 
raising and crane-transporting motors, as also of tramway motors 
and electric motor cars, it being assumed throughout that series 
motors are used. 

Fig. 809 shows, for example, the system of connections of a 
raising and lowering controller for a crane, which renders it 
possible to lower the load under the action of a short-circuit 
brake. Besides this, an automatic mechanical brake is provided, 
which is lifted by the electro-magnet B, when the load is raised 
under current or is retarded with the motor in the short-circuited 
position. A " release " brake of this kind is shown in Fig. 810, 




Fig. 310. 



which will readily be comprehended without further explanation 
(design of the A. E.-6., Berlin). This controller is also furnished 
with two positions for lowering load under current, which are 
used when the weight of the empty crane hook — or this with the 
addition of a very small load — is insuJBScient to set the whole of 
the winding gear, including the motor, in motion. A short 
current impulse then suffices for starting the downward 
movement. 

As can be seen from Fig. 809, this controller belongs to the 
type with travelling contact. The fixed contacts are shown in 
black, whilst the contacts on the controller cylinder (contact 
segments and travelling contact) are shaded. These latter move 
with the cylinder when it is turned. In Fig. 809 A is the 
armature and M the field winding of the series motor, B the 
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brake-lifting magnet, F the blow-out coil, and HW the series 
resistaDce (starting and braking resistance). 
la Fig. Sll the system of comiectioiis for a crane-operatiiig 



controller (for the motion along the rails) is shown. This has 
no retarding (braking) positions. 
Fig. 312 shows the system of connections for a crane-operating 
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controller with br&king contacts. Both of these two controllerB 
are also provided with travelling contacts. 
Fig. 813 ahowa two controllers huilt ap together on a platform 



(A. E.-G., Berlin), which are furnished with an enclosed switch 
box (for fuses or circuit breakers, etc.). 

Frequently, also, two crane-controllers (for example, tor to- 
and-fro motion and for raising and lowering motion respectively) 
are connected by means of a universal joint to one hand lever 
which can be moved in two planes at right angles to one another 
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(ct Fig. 314,» Fig. 315,» and Fig. 316). By the use of toothed- 
wheel gearing it is arranged that either of the two controllers 
can be moved separately, or that, by moving the hand lever in 
an oblique direction, both controllers may be operated at the 
eame time. In this construction it is advantageous to make the 
direction of the motion of the hand lever agree with the resultant 
direction of motion of the load. 

Fig. 316a shows the arrangement of the controllers, the 
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operator's place, and the position of the switchboard in the 
operating box of a travelling crane (A. E.-G. design). 

In Fig. 817 is shown diagrammatically a tramway controller 
for two series motors, which permits of speed-regulation accord- 
ing to the series-parallel system. The various running and 
braking positions are indicated in Fig. 818. There are eight 
running poRitions (two of these being arranged to weaken the 
field), four braking positions (with short-circuit brake), and one 
position for slow-backward motion (design of the E. A.-G. 

* From " Elcktriscbc Kmftbetiiebe imd Bchnca," 1907. 
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formerly 0. L. Kummer & Co.) The reversing cylinder may 
therefore be omitted, since it is possible to run backwards by the 
use of the main cylinder. 
Fig. 819 shows a controller for an electric omnibus (motor bus) 
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in which the current is taken from two accumulator batteries 
ah and erf, and is led into two series motors. The reversing 
cylinder (Fig. 320) is interlocked with the main cylinder by 
means of the mechanical device described above (Fig. 306 or 308). 
For the purpose of charging the two halves of the battery, these 
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are disconnected from the controller by means of a four-pole 
change-over switch, and are connected to the charging leads 
(cf. Fig. 321). By combining the individual systems of connec- 
tions (Figs. 819, 820, 821), the system of connections for the 
whole can be readily obtained. 



CHAPTER IX 



ACCUMULATOR SWITCHES, ETC.* 



As is well known, the voltage of a battery of accumulators 
varies according to whether it is being charged or discharged. 
Besides this, however, the voltage of each cell alters during 
the charge period and during the discharge period. At the 
commencement of the period of charging, the voltage is about 
2'1 volts per cell. It then rises slowly to about 2*2 volts per cell, 
and finally, towards the end of the charge, increases to about 
2'5 to 2'7 volts. On discharge, the voltage falls very rapidly 
from about 2*0 volts to 1*9 volts, then decreases slowly to about 
1'8S to 1'8 volts, and finally drops quickly to 1'7 volts and lower. 
The charging period is generally stopped when the voltage reaches 
about 2*5 volts (although batteries are usually overcharged to 
2'7 volts about once a fortnight), whilst the discharge must not 
be taken below 1*8 volts, in order not to damage the accumulator. 
Besides this, it would be of no practical value to carry the dis- 
charge further, as the drop of volts from this point onwards is 
very rapid. The charge and discharge curves of an accumulator 
cell are shown in Fig. 822.t 

If, for instance, an accumulator battery for 110 volts have to 
be designed, then, at the end of the discharge period, x cells with 
a voltage of 1'8 volts each must be connected in series. We thus 
have : — 

^ = ^=Y^ = '^ 61 cells . . (276) 

At the beginning of the discharge, however, the voltage of each 
cell is still 2-0 volts, and therefore we only require 

-^ = lu = ^ = ^^'=^"« • • <2^7> 

• Cf. Vol. VI. of the " Repetitorien der Elektrotechnik " : Dr. L. Lucas, " Die 
Akkamulatoren nnd galyanischen Elemente." 

t From H. Pohl, " Die Montage elektr. Licht- und Kraftaulagen," Hannover, 
1903, Janecke, p. 36, Fig. 16. 
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When discharge commences, a: — a^i = a;, = 6 cells must 
therefore be switched off. These must then be switched in one 
after another during the discharge period. For this purpose a 
so-called battery-switch with (x^ -|- 1) = 7 contacts is used, the 
contacts of which are connected with the regulating cells. 

Fig. 823 shows the usual system of connections for an accumu- 
lator installation of this sort. Here a single battery switch E Z 
is employed, this being used first for the charge and then subse- 
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quently for the discharge after the dynamo D (shunt machine 
designed to give high voltages for accumulator charging) has been 
switched off. The installation can then be run in three ways : — 

(a) With switches Ai and A3 closed — lighting circuit fed by the 
dynamo D alone. 

(h) With switches Ai and A2 closed — the battery B is charged 
from the dynamo D (lighting at the same time is not possible). 

(c) With switches A2 and As closed — lighting circuit fed from 
the battery only. 

In Fig. 323 Ji and Ja are the amperemeters, S, S are fuses, 
S T is a current indicator (showing direction of current), and 
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M A is a minimum cut-out, which, when the battery is being 
charged (connections as in (b)), protects the cells against reverse 
current from the generator (cf. Automatic Switches, pp. 134, 135). 
It may be mentioned that the dynamo must give a considerably 
higher voltage during the charging period than during the time 
when it is connected to the lighting circuit (a). At the com- 
mencement of the charge 2*1 volts per cell are necessary, and at 
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the end of the charge about 2*6 to 2*7 volts. The charging 

voltage is therefore : — 

at the commencement of the charge 

El = x X 2-1 = 61 X 2-1 = 128 volts . (278) 
and at the end of the charge 

AV = a; X 2-6 = 61 X 2*6 = 158-5 volts (up to 164*7 volts) (279) 
Now generators constructed for battery charging (i.e., designed 
so as to be capable of giving a voltage considerably higher than 
the normal for charging — in the present case 158*5 — 110 = 
48*5 volts above the normal) have several drawbacks. In the 
first place they are not efficiently employed when working at the 
normal voltage, and further, they tend to spark more on account 
of the very considerable weakening of the field. Besides this, 
since they work on the sloping part of the no-load characteristic, 
they do not deliver a very constant voltage under varying con- 
ditions. In consequence of these facts (and in view of the further 

A A 2 
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disadvantage that, when the system of connections shown in 
Fig. 828 is employed, it is impossible to use the generator for 
charging and lighting at the same time), it is preferable to use 
one principal dynamo for giving the normal voltage and to 
employ an auxiliary dynamo {i.e., a booster) for obtaining the 
increased voltage required for charging, a single battery switch 
being employed for regulation. If, however, one dynamo only 
(designed for battery charging) be employed in combination with 
a double battery switch (charge and discharge switch), then it is 
also possible to charge the cells and feed the lighting circuit 
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simultaneously (though, of course, in some cases this latter must 
not be loaded up to full load). Fig. 824 shows diagrammatically 
a system of connections of this sort, which requires no further 
explanation. It must be remembered, however, that, when this 
system is employed, a considerably larger number of regulating 
cells is necessary. 

For instance, in the example considered above, we have a 
difference of 48*5 volts between the maximum charging voltage 
and the normal voltage, so that the number of regulating cells 
required for the double battery switch is 

2-6 X — 2-6 x^ = 48-5 . • . • (280) 
48-5 



a:, = X — Xa = 



2-6 



= '^ 19 regulating cells. 
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In order to be able to make up for differences of voltage with 
varying loads, the number of contacts on double cell switches is 
usually increased to 21 or 23. 

In any case the charge lever will have to move over a larger 
number of contacts than the discharge lever, since the charging 
voltage varies within considerably wider limits than the discharg- 
ing voltage. If, now, it be desired to feed the Une from the 
generator and battery in parallel, then the charge lever must be 
placed upon the same stop as the discharge lever. Care must be 
taken, however, that it 
is impossible for the dis- 
charge lever to be moved 
past the charge lever. 
This can be avoided very 
simply by means of pro- 
jections on the two levers, 

[In England boosters 
have up to the present 
been almost exclusively 
used in connection with 
large battery plant ; but 
recently one or two large 
battery switches have 
been installed (in Bir- 
mingham and AVednes- 
bury), and it is to be 
expected that this latter class of apparatus will gradually replace 
boosters in other parts also. On the continent large battery 
switches are in general use.] 

As concerns the two contact levers of the battery switch, the 
brushes could in the first place be made broader than the insulating 
space between two contacts. In this case, however, one cell would 
be short-circuited each time during the movement of the switch 
lever and would thus l>ecome damaged. The contact brushes would 
also very rapidly be destroyed by the short-circuit current. If, on 
the other hand, the brushes be made smaller than the insulating 
spaces, then the circuit is broken each time when the lever is moved 
on. Both of these arrangements are, of course, impermissible. 
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In consequence of this it is usual to employ an auxiliary brush 1 
and an auxiliary resistance of suitable size to carry the maximum 
current. The main brush and the auxiliary brush must in this 
case each be made narrower than the space between two adjacent 
contacts ; but care must be taken that the auxiliary brush should 
have attained and partially covered the next contact before the 
main brush leaves the preceding contact. The following 
arrangements are used in practice (cf. Fig. 325, a, b, c, d) : — 

(a) An auxiliary contact is provided between every two main 
contacts and is connected to the adjacent cell-contact through a 
resistance. Only one brush is necessary in this case, but, on the 
other hand, just as many intermediate resistances are required 
as there are regulating cells. This makes the apparatus very 
dear when there are many contacts and the current is high. 

{h) The intermediate resistance is attached to the brush - 
carrier itself and is connected between the main brush and the 
auxiliary brush, the space between each two contacts of the 
battery-switch being filled in with insulating material. The 
surface of this insulation must be kept somewhat below the surface 
of the cell -contacts, in order to avoid lifting of the brushes from 
the contacts and consequent arcing. The edges of the brushes and 
the contacts must be rounded off in order to prevent any sticking. 

(c) With high currents it is generally difficult to find sufficient 
room on the contact lever or the brush-carrier for a sufficiently 
large intermediate resistance. In this case a special auxiliarj' 
bus-bar is provided, on which the auxiliary brush moves, and the 
intermediate resistance is then fixed in any suitable position (for 
instance, behind the switchboard). 

id) By the employment of two contact-paths which project 
between the cell-contacts it is possible with two brushes displaced 
by half a division from one another to use a fixed resistance 
mounted apart from the brush-carrier and to make all the 
contacts of metal without any intermediate insulating material. 
This arrangement is useful in those cases where it is desirable to 
have a contact-path composed wholly of metal in place of one 
made up of metal and insulating material.* 

* First designed by H. M'dller, Schuckcrt & Co., Niirnberg, " Elcktrotechnische 
Zeitscbrift," 189i), p. 153. 
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In any case particular care must be taken that the brushes 
move on quieMy from one cell-contact to the next, and do not 
remain stationary in an intermediate position, as otherwise the 
cell, which is short-circuited through the resistance, Would be very 
rapidly discharged, and thus might easily cause excess of current 
through this latter and burn it out. On this account the positions 
of the contact-lever or brush-carrier are indicated by suitable 
stops or, in the ease o! battery-switches with worm or 
chain drive, are shown by the position of the driving lever or 
hand-wheel. 

Battery -switches, whether single 
or double, are constructed both in 
the circular form or in the straight 
pattern. For high currents the 
latter form is decidedly to be 
recommended. The control is 
effected by means of hand-levers 
or hand-wheels in the case of the 
circular form, and by means of 
cranks or hand-wheels in the ~ 

straight type. In either case the yj^ 326 

direction of motion for increase or 

decrease of voltage must be very clfarly indicated on the battery- 
switch. Smaller-sized switches of the straight pattern are 
preferably mounted vertically on the front of the switchboard, 
whereas very large types, which may be 9 or 10 feet long 
and are driven by electro-motors, are usually erected hori- 
zontally behind the switchboard. In the former case the driving 
gear is usually placed below the battery-switch, and particular 
care has to be taken that the connections to the battery are so 
made that the brush-carrier moves upwards for an increase of 
voltage. The highest position of the brush-carrier thus corre- 
sponds to the highest voltage. 

In high-voltage installations {220 volts, 500 volts), two or more 
cells are frequently connected between each two contacts in order 
to reduce the total number of contacts. In such cases it is abso- 
lutely essential — and even in the case of low voltages (110 volts) 
it is highly advisable — to provide the battery -switch with a special 
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anti-arcing device, which eliminates entirely any possibility of 
arcing at the main brushes or contacts. The anti-arcing device, 
properly so called, should preferably take the form of a special 
apparatus mounted entirely separate from the contacts, and so 
arranged as to do duty for each main contact in turn, quite 
independently of the position of the main brushes. In this way 
the whole of the arcing is centralised, so that the efifects of burn- 
ing and wearing of the arcing contacts are confined to the one 
device (Dr. Paul Meyer, A.-G.). The cost of replacement of burnt 
contacts is thus independent of the number of main contacts on 
the switch. In some cases, however, in place of a separate 
anti-arcing device, individual auxiliary contacts are used in 
connection with auxiliary brushes. This arrangement has the 
disadvantage that it necessitates the employment of as many 
auxiliary arcing contacts as there are main contacts. 

Fig. 826 shows a single battery-switch of the circular type 
made by the firm of Dr. Paul Meyer, A.-G., Berlin.* As is the 
case with most designs for low and moderately high currents, it 
is provided with a travelling intermediate resistance. This type 
of switch, which is made for currents up to 850 amperes, is 
furnished with glass separating pieces between the contacts, 
except in the case of the smallest size (40 amps.). By the use 
of these glass-dividing pieces an easy and frictionless motion of 
the brushes on to the contacts is ensured. In the 40-ainpere 
size, however, the brushes are so soft that the use of glass is 
rendered unnecessary. 

It may be mentioned that battery-switches of such types as 
this, i.e., which are made-up with their own base-plate, are 
usually mounted up complete on the switchboard, instead ot 
having their contacts fixed separately direct on to the switch- 
board. 

A double battery-switch of the circular form (Bertram system, 
Konstruktionswerke elektrischer Apparate, now amalgamated 
with the firm of Voigt & Haeffner, A.-G.) is shown in Fig. 327.t 
It should be noted that the brushes and also the stop-pins are 
insulated from the charge and discharge levers, so that the latter 

* Electrical Engineering and Equipment Co., Ltd., London, 
t From Eriachcr, " Klektr. Apparate," p. 128, Fig. 70. 
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can be operated ^rithoat danger, or, in the case of higher voltages, 
can be conTenientlj earthed. 

In Fig. 328 a circular double battery-switch made by the firm 
of Dr. Paul Meyer, A.-G., is illuatrated. The pecaliar shape of 
the hand-levers renders it possible to place the two brushes on 
the charge and discharge levers respectively on one and the same 
contact simultaneously. 

Another simple arrangement of the two levers is obtained 

by mounting the contacts in two concentric circles, displaced in 

regard to one another by one contact division. This design, which 

is shown in Fig. 929 (Scheiber & Kwaysser, Wien), also renders 

it easily possible to place the charge and discharge brushes on 

the same contact, inasmuch as 

for this purpose they have only 

to be placed nest to one another 

and not above one another. 

The circular battery -switches 
made by the Siemens-Schuckert 
Werke " are constructed in a 
curious manner, as will be seen 
from Fig. 330, which illustrates a 
double battery-switch of this 
pattern. The driving mechanism 
is so arranged that for each rota- 
^'*'' ^■^''- tion of the charge-lever L or the 

discharge-lever K the one or the other of the two large toothed- 
wheels is moved one division onwards. This motion is effected 
through the agency of the mechanism in such a way that during 
the first portion of the motion of the hand-lever no motion of the 
brush takes place, then at a certain moment the switching-move- 
ment suddenly occurs, whilst then for the remainder of its path 
the hand-lever has no further effect upon the brush. In con- 
Betjuence of the rapid switching motion it is not absolutely 
essential to provide auxiliary brushes, though the use of these is 
to be recommended for higher currents. 
The discharge-brush can be operated by means of a chain-drive 

• Cf,,"N!ichncli(iler Hiemens-Scbuckert Wcrke" of the 21st June, 1906, No. 25 ; 
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acting on the discharge-handle E, or can also be driven anto- 
matically by meana of an electro-motor, this latter being then 
switched in for running in one or the other direction (through 
the agency of a voltmeter with relay contacts) just according to 
whether the voltage is above or below the normal value. In the 
two end positions the circuit for the automatic driving gear is 
broken by the contacts x and y, as otherwise the motor would be 
damaged. 

In Figs. 331, 332, 333 and 334 are shown several battery- 
Bwitches of horizontal type (made by the firm Dr. Paul 
Meyer, A.-G.)" for hand or automatic operation. 

Since these show constructional features of particular interest 
and represent the most modern 
design, it will be of value to 
consider them in some detail. 

In switches for currents up 



Fio. ;t29. Fio. 330. 

to 450 amperes the connections for the leads from the cells take 
the form of nuts and holts, but for higher currents cable sockets 
are employed, these latter being designed for the soldering-in of 
flexible leads, which give a resilient connection witli the cell 
bus- bars and so eliminate the possibility of dangerous mechanical 
strains occurring at the battery-switch contacts in consequence 
of the contraction and expansion of the leads with the 
temperature. 
Adjacent contacts are separated from one another by means of 
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glasB dividing pieces, which are cemented in and which ensure 
an eas; gliding motion oE the brushes from one contact to the 
neit. 

The iDBulation of the battery-switches and driving-gear is 
designed for a pressure of 250 volts between the apparatus and 
earth. All the battery-switches of this design will stand a per- 
manent overload of 10 per cent, of the rated current. In the 
case of the larger types a greater overload is permissible for 
short periods of time, as the large masses of metal take some 
considerable time to heat np. On this account it is necessary in 
the case of battery-switches for 2000 amps, and upwards to 



distinguish between those installations which have a discharge- 
period of one hour and those which have a discharge-period of 
three hours. "With very large battery-switches much smaller 
types may be used for one-honr discharge than would be neces- 
sary for three-hour discharge. For instance, the type which is 
designed for 3500 amps, permanent load or for three-hour 
discbarge may be loaded up to 5500 amps, for one-hour dis- 
charge — always assuming, of course, that at the commencement 
of the load-period the switch is cold. 

The main axles of the switches are provided with cut threads 
npon which the threaded brush-carriages run. These latter are 
BO constructed that it is possible to adjust the pressure between 
their interior thread and the exterior thread of the axle within 
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certain limits so th&t any wear which may occur after many 
years of running can be taken up. In the larger types the main 




brashes are mounted in such a way that, within certain limits, 
they are free to move in all directions so that they can adjust 
themselres exactly to the contacts. 
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Anti-arcing Device. 

The anti-arcing device which is used on these switches and 
which is a patent of the firm of Dr. Paul Meyer, A.-G., is 
particularly ingenious and interesting. 

Anti-arcing devices, properly so-called (i.e., made in the form 
of special apparatus provided with arcing contacts and entirely 
separated from the main brushes and contacts), can be divided 
into two principal types. In the one type (which will be described 
more closely later) the whole current which passes through the 
main brushes is directly interrupted, the anti-arcing device being 
connected in the main circuit and thus being permanently under 
load. The other type of anti-arcing device, which is employed 
in the switches (Dr. Paul Meyer, A.-G.) under consideration, is 
very ingeniously designed in such a way that it is in parallel 
with the main brushes and only carries current during the 
passage of the brushes from one contact to the next. 

The way in which this result is attained is illustrated in the 
diagrams shown in Fig. 885. 

In contradistinction to the other designs of anti-arcing device 
two auxiliary brushes are employed in place of one. These two 
auxiliary brushes are so arranged that one runs in front of the 
main brush and the other behind it. A revolving switch (shown 
in the diagrams as a rotating contact-bridge/) is provided, which 
is in mechanical connection with the brush-carrier and is so 
arranged that the switch makes one complete revolution when 
the brush system moves forward by one contact-division. This 
is effected by causing the brush-system a b c to be operated by an 
axle, the pitch of the thread of which is equal to the contact- 
division, and by arranging that the bridge-contact / moves with 
the axle. 

From Fig. 885a, which shows the position of rest of the 
battery-switch, i,e., the position in which the main brush rests 
on the centre of a contact, it can be seen that the rotating 
switch (which we may term the anti-arcing device) carries no 
current in this position. 

With the aid of the diagrams Fig. 885a to f, we will now 
consider what occurs during the passage of the brush- 
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carrier with its brushes abed from one contact e^ to the 
next one Cs. 

From the position of rest Fig. 885a, the switch moves into 
the position Fig. 885b, in which the leading brush b has passed 
on to the contact cq. Since now the upper auxiliary bus-bar, 
upon which the brush b runs, is now in contact with the 
segments % i of the anti-arcing device and these latter have no 
further connection with the main bus-bar d, therefore no switch- 
ing operation is effected by this movement. Besides this, however, 
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Fig. 335. 

during this motion the brushes a c are connected on the one hand 
through the contact-piece ^2 and on the other hand through the 
contacts gfot the anti-arcing device. 

In the next position, Fig. 885c, the brush-carrier has moved 
on so that the main brush c is between two contacts. There are 
now two paths for the current, namely, in the first place, from 
the contact e^ through the brush a, lower auxiliary bus-bar and 
contacts g f to the main bus-bar, and, in the second place, 
from the contact es through the brush 6, the upper auxiliary 
bus-bar, the resistance w and the contacts hfot the anti-arcing 

s. B B 
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device to the main bus-bar d. Finally there is a short-circuit 
existent for the cell which lies between the contacts e^ e^ ; this 
circuit goes through the brush b, the upper auxiliary bus-bar, 
resistance w, contacts h f g ot the anti-arcing device and the 
brush a. 

During the next movement (into the position shown in 
Fig. 885d) the circuit is broken at the anti-arcing device 
between the contacts / h, that is to say, the short-circuit men- 
tioned above is removed and the current now flows from the 
contact cq through the auxiliary brush 6, upper auxiliary bus-bar, 
resistance w, contacts hf to the main bus-bar and on to the line. 

With the next movement (Fig. 885e) the contact-piece / 
connects the contacts h i and thus short-circuits the resistance, 
so that the main bus-bar d is now at the same potential as the 
contact Cs, and hence there is no difference of potential between 
the main brush c and the contact e^ when the former runs on to 
the latter (Fig. 885f). Nothing further occurs, therefore, 
during this movement. 

The final position, in which the main brush rests on the 
middle of the contact e^, is exactly analogous to the first position 
Fig. 885a, and the cycle of operations entailed in the motion of 
the main brush from the middle of one contact to the middle of 
the next one is thus completed. 

This design of anti-arcing device offers numerous advantages, 
especially for large currents. In the first place, since it is 
arranged in parallel with the main brushes and only momentarily 
carries current during the passage of the main brushes from one 
contact to another, hence it remains cold and the contacts are 
thus subjected to less wear than heated contacts would be. 
Furthermore, as will be seen from the diagrams, arcing occurs 
only at the anti-arcing device, and the main contacts thus 
remain entirely protected. 

The replacement of the arcing contacts on the anti-arcing 
devices, which is only necessary after long periods of working 
(1 to 2 years), can also be carried out without any disturbance 
whatever in the running, since the anti-arcing device is entirely 
out of circuit when the battery-switch is standing still. In the 
other designs of anti-arcing devices, which are inserted in the 
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main circuit, it is necessary, on the other hand, either to shut 
down the battery or else to put in circuit a number of heavy 
short-circuiting leads before the operation of replacing the arcing 
contacts or any other repair or alteration can be carried out. 

The actual construction of the anti-arcing device for small 
currents (up to about 600 amps.) is shown in Pig. 882. In 
accordance with the diagrammatic figures a rotating switch with 
block contacts is used. These do not wear much and give 
sufficiently good contact for the smaller currents. For larger 
currents, however, brush contacts are used (see Fig. 838), which 
are strongly pressed up against the stationary contacts by means 
of a rotating disc furnished with cams, and which are provided 
with special arcing contacts in the form of blocks in order to 
protect the somewhat sensitive brushes from wear. For high 
currents the apparatus are also furnished with a quick make- 
and-break action. 

On the whole it may be said that the saving effected by the use 
of anti-arcing devices very soon covers the small initial cost of 
these, as all repairs are entirely avoided, and it is only necessary 
to replace occasionally a few cheap arcing contacts. A switch 
without anti-arcing device generally becomes so much damaged 
by wear that after a few years it can hardly be used any longer, 
whereas the life of the battery-switch with anti-arcing device can 
be considered as practically unlimited. 

Automatic liefjulating Device for Keeping the Voltage Constant. 

With the switches under consideration (Dr. Paul Meyer, A.-G.) 
a special automatic device for maintaining the voltage constant 
is employed. This device possesses many advantages over the 
old contact voltmeter, which was liable to give rise to troubles of 
all kinds in consequence of its uncertain vibrating contacts, its 
insensitiveness and the tendency of the contacts to fuse together. 

The electro-magnetic contact device under consideration is 
characterised by certain special features. Contact voltmeters 
and similar apparatus are always in stable equilibrium, i.e., each 
given value of the voltage corresponds to a certain definite position 
of rest, which approaches the contacts continuously as the voltage 
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rises or falls, whereas in the present device a state of unstable 
equilibrium is employed. Just in the same way as a body sup- 
ported below its centre of gravity, when displaced out of the 
state of equilibrium, acquires a continually increasing force 
tending to displacement and has a continually increasing kinetic 
energy, so also a similar effect is obtained in a magnetic way in 
the contact device. Two magnets provided with an almost 
completely closed magnetic circuit are employed. The one of 
these magnets is arranged so that, in the position of rest, it has 

not yet pulled over its 

iW» I* jV^;» m ,\i\ 
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armature, but does 
upon the least increase 
of voltage above the nor- 
mal value. The other 
magnet, however, holds 
its armature attracted 
in the position of rest 
and releases it as soon 
as the slightest decrease 
in the voltage below the 
normal value occurs. 
Immediately the motion 
of the armature com- 
mences, the magnetic 
resistance alters in one 
direction or the other, 
and, in consequence of 
this variation, the force acting on the armature increases con- 
tinuously, whilst the force opposing the motion (an adjustable 
spring) remains practically unaltered. In the case of the 
maximum magnet, therefore, the armature is attracted with a 
constantly increasing force, whilst with the minimum magnet 
the force opposing the spring disappears very rapidly so that the 
excess of the force of the spring above the pull of the magnet 
increases extremely quickly. 

By this arrangement a contact operated by relatively large 
forces is obtained, and the drawback, which is caused in the case 
of the contact voltmeter by the very small forces in operation, is 




SWITCHES AND SWITCHGEAR 373 

elimmated at once. No trembling ot the contacte can occur in 
this device, and, when once the apparatus has acted, the contact 
is then bo perfect that the further operations follow with absolute 
certainty. With a contact voltmeter the slightest mechanical 
vibration affects the apparatus and gives rise to difficulties, 
whereas the onl; possible effect of vibrations on the special 
contact device under consideration wonld be to cause that arma- 
ture which is nearest to the working point to come into operation. 



Fig. 337. 

This would, however, at once cause the other armature to be 
automatically locked in position. As a result of this the 
apparatus has even been employed successfully in practice in 
railway trains, where the use of contact voltmeters would have 
been absolutely impossible. 

The division of the apparatus into two separate magnets has 
the advantnge that tt renders it possible to adjust the limits of 
operation of the device as close together as may be desired. 

The system of connections of the automatic contact device is 
shown in Fig. 836, and one form of construction is illustrated in 
Fig. 337. 



SWITCHES AND SWITCHGEAR 



Remote Control and Remote Indicating DeHces. 

The battery-switches o£ the straight type may be operated 
either mechanically by means of spindles or electrically by the 
aid oE remote control apparatus. 



Fly. SM. 

For mechanical operation the apparatus is so arranged that 
one revolution of the hand wheel corresponds to one revolution 
of the spindle, and thus to one complete movement of the 
brushes from one contact to the next. The hand-wheel is pro- 
vided with a mark, which is in correspondence with a fixed 
mark on the cover of the bearing when the brushes are iu 
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the position of rest. The agreement of the two marks there- 
fore always iadicstes that the brushes are on the middle of a 
contact. 

Mechanical operating gears render it necessary that the 
battery-switch should be mounted close to the switchboard, and 
have on this account largely given place to electrical remote 
control apparatus. 

The remote control apparatus built by the firm of Dr. Paul 
Meyer, A.-G., is shown in Figs. 3S6 and 839. Fig. 338 shows 
driving gear with its 
electro-motor, and 
Fig. 389 shows the indi- 
cator and press - button 
control apparatus. 

The driving gear shown 
in Fig. 9S8 consists of a 
motor with worm gear, 
a doable - magnet and 
several small auxiliary 
switches mounted on one 
common east-iron base 
plate. As soon as the 
motor has started the 
worm-wheel closes the 
so-called " zero-awitch," 
which short-circuits' both 
sides of the control appa- Fio. 338. 

ratuB, so that both of the 

control-coils are switched ia simultaneously. However, only 
that coil operates which had worked before, since it possesses a 
much better magnetic circuit. In consequence of this the 
armature of the control coils remains in position, even if the 
control switch (press button) goes back into the position of rest, 
and the motor continues to run until a whole revolution of the 
spindle is completed and the auxiliary switch returns to the 
stationary position. 

All the automatic driving gears of this firm can also be 
employed for electrical remote control by arranging that the 
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control coils of the automatic drives are operated througii the 
medium of tbe GontroIUng switches. la this case, however, it 
is necessary to provide some means of putting the automatic 
contact device out of operation, when the remote control is used, 
as otherwise the former would continuously tend to oppose the 
switching operation which had been caused by the remote con trol. 
A simple change-over switch is therefore provided, which, in 
order to avoid excessive rises of voltage, must not be provided 
with a quick break. 

Two kinds of electrical remote control are used by this firm, 



Fio. 340. 

namely, a simple press-button control (see Fig. 889) and a very 
much more convenient form, which we may term the " automatic 
indicator control." With the press-button control, each pressure 
of the button corresponds to one complete movement of the 
switch from one contact to the next, and after each pressure of 
the button it is necessary to wait until the movement to the next 
contact is completed, so that in order to effect the motion of 
the switch over several contacts an equivalent number of 
pressures on the button and periods of waiting is necessary. 
The " automatic indicator control," however, which is illustrated 
in Fig. 340, permits the motion of battery switch on to any 
desired contact to be effected by one single movement of the 
hand. With the press-button control it is necessary for the 
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operator to remain at the switchboard until the necessary move- 
ments of the switch have been carried out. In the case of the 
automatic indicator control, however, it is only necessary to place 
a pointer on a particular number and no further attention is 
required. 

The controlling and indicating apparatus necessary for electrical 
remote control may now be briefly mentioned. 

For press-button control only a double press-button is neces- 
sary. This can either be arranged in a special case or can be 
mounted flush with the switchboard. 

If it be desired that the motion of the battery-switch can be 
observed at the switchboard, then two signalling lamps are pro- 
vided for this purpose, or else indicators are used which contain 
an electrically operated counter adapted to show the position of 
the brushes by means of numbers appearing at a slot. In this 
latter case two further slots are provided which indicate (by the 
appearance of a letter) whether cells are being switched in or 
switched out. 

The automatic indicator control is based upon the principle of 
the reaction of the driven gear upon the driving apparatus. 

Auxiliary Cell System. 

The auxiliary cell system of connections, which has been known 
for many years, has of late been brought into prominence 
through the extensive advertising of certain firms, although it 
must at the outset be stated that its advantages have been con- 
siderably over-estimated. It must not be forgotten that this 
system introduces a not inconsiderable compUcation and that the 
auxiliary cell is loaded in quite a different way from the other 
cells in the battery and will thus have a much shorter life than 
the latter. 

The auxiliary switch system is thus only advisable when a 
really decided saving in initial cost is effected. 

Fig. 841 shows the auxiliary cell system of the firm of Dr. Paul 
Meyer, A.-G. In direct mechanical connection with the battery- 
switch is an auxiliary switch, which connects or disconnects one 
cell to or from the main battery. This cell forms part of the 
battery like any other one, and it is advantageous to use as 
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auxiliary cell the one which lies at the end of the battery and 
which must be connected in opposition to the regulatings cells. 
The auxiliary cell remains permanently connected on one side 
with the main battery. 

Two cells are connected between each two contacts of the 
battery-switch, so that the corresponding voltage is doable of 




Fig. 341. 

that which exists at the contacts of the auxiliary cell switch. 
This latter relationship must be maintained, that is to say, that 
if four or six cells are connected between each two contacts of 
the battery-switch, then the auxiliary cell switch operates two or 
three cells respectively. 

The course of the switching operations is as follows : — 
On the first movement of the driving gear the main battery 
switch remains at rest and the auxiliary battery-switch connects 
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one cell in circuit, so that the voltage increases by 2 volts. With 
tlie next movement the main battery-switch moves forward by 
one contact and connects two cells in circuit, whilst at the same 
time the auxiliary switch goes back again and thus disconnects 
the auxiliary cell, so that the voltage is now increased by 4 volts 
as compared to the starting condition. During the next move- 
ment the auxiliary switch moves forward again whilst the main 
battery-switch remains at rest, and so the operations repeat 
themselves continuously. 

In comparison with other auxiliary cell systems, which 
do not switch one cell in and out in this manner, this 
arrangement possesses the great advantage that an accidental 
short circuit of the auxiliary cell does not cause any further 
trouble. 

A further advantage of this auxiliary cell system over others 
lies in the fact that, when used for double battery-switches; it 
still only necessitates the use of one auxiliary cell, and one 
auxiliary cell switch and consequently of very much fewer 
connecting leads. 



The anti-arcing device of the Siemens-Schuckert Werke is 
illustrated in Fig. 342 (at F). 

The apparatus consists of a brush, which moves from a c to 
b c and back again during each movement of the battery switch 
from one contact to the next. This motion is effected mechanic- 
ally, for example, by means of toothed-wheel gear and cranks. 
The contacts a and b are easily replaceable, as are also the 
brushes F on the arcing contacts. The two brushes /i and /2 in 
Fig. 342, which are insulated from one another, are fixed to the 
brush carrier and move simultaneously with it. In the figure 8i 
is the charging bus-bar, and s^ an auxiliary bus-bar, whilst the 
sloping transverse connecting strips are connected to the indi- 
vidual regulating cells. The stationary intermediate resistance 
is shown at w. 

During the motion from one contact to the next the following 
intermediate positions may be mentioned : — 

(1) /i in the principal position on the cell contact ; /2 on the 
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auxiliary bus-bar between two contacts ; F in the left-hand ei--'- 
poBition a c. (This position is indicated in Fig. 342.) 

(2) /i and /a have moved slightly upwards, so that yi connect; 
up the next cell with the ausiliary bus-bar «a. This occurs with- 
out arcing since no current is flowing here. F is di^placir'] 
towards the right, bub has not yet reached the contact b. 

(3) /i and /a have moved slightly further upwards, but this h;is 
occurred in such a way that /i still lies to about one-half to 

one-third of its extent on the original 
contact, whilst fa already connects (up to 
about one-half to two-thirds of its extent) 
the next cell with «a- F, which connects a 
and b with c and is thus in the middle 
position, has, on reaching b, already taken 
up the spark caused by the short-circuiting 
of the additional cell through the circuit 
fa — «a — w—b — brush F — a — «i— /i. 

(4) /i and /a in the middle position, so 
that fi rests on the blind contact of the 
bus-bar between two cell contacts, whilst 
fa now entirely covers the next contact and 
has switched in the next cell through 
»a — w — b — brush F — c. The anti-arcing 
¥ia 342 brush F has meanwhile effected the break 

of circuit at a and has then attained the 

end position on b. This completes the first half of the switching; 

operation. 

(5) ^i and fa move slightly further upwards and/i thus reaches 
(without sparking since a is out of circuit) that contact of the 
newly-connected cell which in position (4) was entirely covered 
by the auxiliary brush /a. Meanwhile F moves again towards 
the left, but still remains partly on b without touching a. 

(6) f\ has reached the new contact for about two-thirds of its 
extent whilst fa still covers about one-third of the same contact. 
i-' already rests upon a and b at the same time and short-circuits 
the resistance \V. 

(7) ,/i is in the new end position, fa has left the cell contact 
and rests on the blind contact of the auxiliary bus-bar dj. 
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Immediately before this F had removed the short-circuit at b 
before moving into the end position on a. 

The new cell has thus been switched into circuit without any 
arcing occurring at the bus-bars or the main contacts. 

The movement of the brush-carrier is effected by the aid of a 
screwed axle, which is so arranged that each rotation of the axle 
corresponds to a movement of the brush from one contact to the 
next. 

The auxiliary cell system employed by the Siemens- 
Schuckert Werke is illustrated in Fig. 343, which 
will be readily comprehensible from what precedes. -.^ _^^ • 
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Fig. 343. 



In stations where the accumulators are used in 
parallel with the generators it is frequently neces- 
sary to be able to charge the battery from the line 
voltage in order that the operation of charging 
may be effected whilst the generators are supplying 
current to the line. In such cases it is obviously 
impossible to increase the voltage of the machine 
for charging, and hence it is necessary either to 
employ a booster or else to charge the cells of the 
battery in two (or sometimes in three) groups.* 

For charging the battery cells in groups a 
special battery-switch is required (group-switch), 
which permits the necessary connections for charge or discharge 
to be made in as simple a manner as possible. Such grouping 
switches are either made up of combinations of ordinary switches 
and change-over switches or else a special switching apparatus 
(generally a flat circular switch) is employed, which can be 
brought into the required positions by means of one or more 
hand-wheels. 

Similar group-switches are also used when it is desired to 
charge a 110- volt battery from a 500- volt line. 

For the system of charging in two groups the battery is 
generally divided into two parts (Fig. 344) in such a way that the 



• Cf. "Zeitschrift fur Elektrotechnik und Maschinenbau," Potsdam, 1906; 
Edler, Qruppcnladung. 
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number of main battery cells is halved and that tbe regulating 
cells (with the single battery switch Zs) are connected to the 
one half whilst the other half is connected in series ^w^itb a com- 
pensating resistance AW. These two groups are then connected 
in parallel and are charged from the line in series i^ith the 
charging resistance LW. 

During the period of discharge the two halves of the- battery 




AW ^ 





oWWifO 



Fig. 344. 

are connected in series, the compensating resistance AW is 
entirely removed from the circuit and the handle of the charging 
resistance LW (which may remain in circuit) is placed on the 
short-circuit contact. The following connections have therefore 
to be made (cf. Fig. 344, in which the necessary connections are 
shown by full lines and the peitnissihle connections by dotted 
lines *) : — 



Charge 



L\a — he — f d — d g — h L^ — Li c 



Discharge j Li a — b c — d g — h Ij^ — (f d) 

Those connections which occur during both charge and 
discharge are independent of the position of the switching gear 
and can therefore be made permanent. They are as follows : — 
Fixed connections : — Li a — f d — d g ^h L^. 

* Cf. Edler, " Entwurf von Schaltungeu uiid Schaltapparaten " (Schaltungstheorie), 
Vol. I., Janecke, Hannover, 1905. 



I 



SWITCHES AND SWITCHGEAR 



383 



The remaining connections which have to be made by the 
switching apparatus itself are the following : — 
Varying connections : — 



Charge 



Discharge 



fc e — Li c 



be 



From this it is evident that the grouping switch must consist 

of a change-over switch h < and an ordinary switch I/i <__ 

coupled up with it (cf. Pig. 346). 

This grouping switch is very often made in the form of a 
double pole change-over switch, as shown in Fig. 346, in which 
all the other connections are also shown. 



When a battery of accumulator cells is charged in two 
groups from the line voltage, a very considerable percentage of 
the available pressure is 
wasted in heating the i^i- 
charging resistance. In 
order to minimise these 
losses* accumulator bat- 
teries are, at the present 
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Pig. 345. 
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Fig. 346. 



day, frequently divided into three equal parts for charging 
purposes. The charge can then be effecte4 either in two or in 
three periods of time. 



* Cf. '* Zeitschrift f iir Elektrotecbaik und Maschinenbau/' Potsdam, 1906 ; 
Edler, Grnppenladung. 
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The system of charging in three separate charging pericid- 
is shown in Fig. 347, in which the three groups of cells I., XL 
III., are connected during the discharge in series, wli^ilst tfce 
charging resistance W (ab) is out of circuit. During the charge 
period first I. II., then I. III., and finally II. III. are coiiiieet«ni 
in circuit in series with the resistance W. The connections mar 
therefore be tabulated as shown below. The permissible connee- 
tions are marked in brackets and can easily be added after tke 
necessary connections have been fixed by putting in as manT 
connections as possible at the same time in all positions ; for vl 
this way the number of fixed connections will be made as large 
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as possible, but, at the same time, the number of changing con- 
nections will be made as small as possible, so that a simple 
form of switching apparatus is obtained. We thus obtain the 
following table : — 



Discharge I., II., III. 
Charge L, II. 



Charge I., III. 



Li c — d c — / (/ — fc I/a — (Li a) 



Lia— fee — d<»— fL^ — (ft Lj) 



Lia — b c ^ d g ^ h L2 — {de) 



Charge II., III. Lia — be^fg — hL2^{de) 

The connections 

Li a — d e — h L^ 
occur in each line, and can therefore be made permanent. The 
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remaining (changing) connections have to be effected by means of 
the grouping switch. They are as follows : — 

Discharge L, IL, III. L\c — f g 



Charge I., II. 



Charge I., III. 



hc^fL 



^2 



h c — d g 



Charge II., III. b e —J g 

From this we obtain the diagrammatic sketch of the grouping 
switch (Pig. 348), as also the constructional type (Fig. 34d*)> 
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Fig. 348. 

which forms the basis of the switch shown in Fig. 350, built by 
the firm of Griinwald, Burger & Co., of Vienna. 

When the charge takes place in two charging-periods the 
grouping switch has to be provided with three positions. During 
discharge the three groups have to be connected with one another 
and in series, whilst, during the first period of charge, I. and II. 
are connected in parallel with one another and in series with 
III., and during the second period of charge the two groups I. 
and II. (which are only half-charged) are connected in series with 
one another, and so charged to the full extent. During this latter 
period the group III., which includes the battery-switch, and 
which was fully charged during the first charge- period, is entirely 
cut out of circuit. In both charging positions the charge- 
resistance W is in circuit. This system was first introduced by 
Micka and Cisneros (Madrid — D. K. P. No. 124,647) and is hence 
known as the ** Spanish system." 

• First suggested by the author— see " Zeitschrif t fiir Elektrotechnik," Wien, 1903, 
p. 451. 
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The order of BuccesBion oE the connections is shown in 
Fig. 361, from which the following table of necessanj and 
permissible connections is obtained : — 
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Discharge 


A 
B 


Lia — be — de — f L^ —• (ft La) 


Charge 1 


Li a — b e — Lie — d e — f g — h L^ 


Charge 2 


C 


Lia — b e — dg — h L^ — (d e) 



From this scheme the following fixed connections can be 

determined :— 

Li a — d e — h Lq, 

whilst the grouping-switch has to effect the following changing 
connections : — 



Discharge 


A 
B 
C 


hc-fU- - 


Charge 1 


be Lic fg 


Charge 2 


b e — d g 



d • 



■o— — o- 



in 



r c 



w 



1 



fc L, 



- o^/|l^^--<>--i 



r 
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b c 
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Fig. 351. 
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Fig. 352. 



If now we put d = e (symbolically) — which is permissible in 
consideration of the permanent connection d e — and if we then 
arrange the connections in such a way that each of the three 
vertical columns contains, if possible, a common letter, then we 
have : — 



Discharge 


A 
B 


be /La 


Charge 1 


Lie be — fg 


Charge 2 


C 


be — eg 



c c 2 
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If now the discharge position A be arranged below (instead of 
above) the two charge positions, then we arrive at once at the 
arrangement of the contacts shown diagrammatically in Fig. 352, 
from which the final practical design of the switch can be at 
once determined (see Fig. 353). The grouping switch of the 
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Fig. 353. 



firm Dr. Paul Meyer, A.-G.,* Berlin, is made in this form (see 
Fig. 854). The two switches Ai and Ag, which are connected 
before a and c in Fig. 353, serve the purpose of allowing one or 
the other of the two groups of cells I. and II. to be cut out during 
the charge position B earlier, in the event of one group of cells 
becoming charged sooner than the other. Any inequality of 
charge of this sort in the two groups of cells can be checked by 

* London : Electrical Engineering and Equipment Co. 
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means of the voltmeter, which can be connected to each third of 
the battery by the aid of the voltmeter switch. When & voltage 
check of this kind ie being made it is, of course, necessary to open 
the two switches Ai and A3, since otherwise the difference in the 
charge of the two groups could not be detected. Group III. ie 
provided at the point / with an ordinary battery-switch Z S. 
Besides this an amperemeter and a minimum or reverse-current 



Fig. 354. 

cut-ont are inserted in the one lead Li, whilst the other lead La ifl 
connected to an ordinary switch A or sometimes to an over-load 
cat-out. The necessary fuses must also be included in the circuit. 

The whole system of connections is shown somewhat more 
clearly in Fig. 366, in which A is an amperemeter, A S an 
ordinary switch, B the battery, D M the dynamo, E Z the 
ordinary battery switch, G S the grouping switch Max the over- 
load cut-out, K a current indicator, S S are fuses, V is a volt- 
meter, V U is the voltmeter switch, and W the resistance. 

In consequence of the attempts which have been made of late 
years to regulate the charging automatically by means of iron 
wire resistanees this same firm (Dr. Paul Meyer, A.-G., Berlin) 
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DOW manufactiures s special switch desigDed for this purpose. 
It differs Irom the ordinary three-pole *' Micka " switch in rhai 
the iron wire resiBtancea (which are divided into two parts! 
are placed separately in seriea with the two-thirds of the battery, 
which are to be charged in parallel. 

The firm of Griinwald, Burger & Co., Vienna, also manu- 
factures an ordinary "Micka" switch (see Pig. 856fl). The 
charging resistance made by this firm is also worthy of mention 
(see Fig. 3J66), It is provided with a contact lever which aiiio- 




FlO, 355. FlO. 338a. 

matically flies back into the "out" position when the circuit 
is broken— this being effected by the aid of an electro-magnet 
and a locking catch. 

The switching problem under discussion (Fig. 351) can, hon- 
ever, be solved in yet another way, as can be Been from the 
following : — 

The permanent connections are Li a— rfc—fe ij, whilst the 
changing connections are as shown in the following table (in 
which d has been considered equivalent to c) : — 



Discharge 


A 


hc-fU 


Charge 1 


B 


he-ffl-L^c 


Charge 2 


C 


he — eg 
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Seven different contact poiotB occur here, viz., 
b c ef g Li Lj 

If, now, we desire to effect the various switching operations 
by the motion of a contact piece or of eeveral contact pieces, each 
of which is capable of bridging 
over two contacts, then we must 
endeavour to arrange the con- 
tacts in an order of succession 
suitable for the fulfilment of 
this purpose. It is obvious, 
then, that we must place those 
contacts which only occur once 
in the table at the beginning 
or at the end of the series. 
This condition fixes at once the 
order of succession Lic and 
/Lj. We have, however, still 
to connect c with b and / with j 



FiQ. 356b, 
and hence we must have the 



following grouping :—L,ci and gfU The only remainmg 
contact point is e, which has to be connected to 6 and to g. We 
therefore find that the best order of arrangement ol the 
contacts is 

Licb egfLi 
and we can therefore represent the connections by means of the 
following table ; — 



Contacts 


u 




h 




9 


f 


u 


Discharge 


A 




' 


I 






f 


u 


Charge 1 


B 


u 


' 


I 


c 


9 


f 




Charge 2 


C 




' 


b 


e 


9 







As can be seen from the first charge position (B), three con- 
tact pieces are therefore necessary in order to effect all the 
connections. We can, however, add to the scheme in front of 
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Li a vertical column (zero), Le., we can put in a blind contact 
as this only adds the connection OLi in the first line (A) and 
the connection OLi in the last line (C), both of which make no 

difference whatever to the 
result, since is a blind con- 
tact. If, now, we consider this 
extended table (cf. Fig. 857) 
as being wound round the sur- 
face of a cylinder, so that the 
contacts OLi ch e g f L^ lie in 
a circle, then it will be recog- 
nised that the three contact pieces may he allowed to remain always 
in tJie same position with regard to one another whilst the switching 
operations A, B, C are being carried out. The contact pieces 
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Fig. 357. 




Fig, 358. 

may therefore be insulated from one another and mounted on 
a moveable arm framework (or on a disc), in such a way that 
they may be moved over fixed contacts (OLi ch e gfL^) arranged 
uniformly in a circle. We thus obtain the arrangement shown 
in Fig. 858, upon which the design of switch shown in Fig. 359 
(Scheiber & Kwaysser, Vienna) is based. 
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A later somewhat modified form of this grouping switch is 
shown in Fig. 360, in which the improved system of connections 
given in Fig. 361 is employed. This system permits the extent 



of charge of the two groups of cells I. and II. to be controlled 
by meatia of a two-part compensating resistance A W (cf. also 
Fig. 862) and a differential amperemeter. 

It may be mentioned that the "Micka" Byatem of charging in 
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three groups with two charging periods was used earlier by the 
Akkumulatorenfabrik vorm. BoeseifcCo., Berlin. Fig. 363 shows 
the system of connections of an installation, which was carried 
out by this firm. Here a double-pole change-over switch U is 
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employed in conjunction with two paralleling switches Ki and Bj 
(each consistinf; of one ordinary switch and one change-oveT 
switch). The individual positions are shown in Fig. 363, from 
which it will be seen that the rega- 
lation of the voltage is effected hj 
means of cells connected so as to 
oppose the main battery. With this 
system the charging resistance can 
sometimes be entirely omitted, al- 
though then the generator voltage 
must, at the commencement of the 
charge, be very rapidly regulated by 
means of the shunt regulator, when 
the lighting and charging circuits 
are being fed simultaneously. 

This system of connections has 

Fia. 362. ^^^ advantage that the necessary 

alterations of connections can be 

effected by the use of ordinary switches. The objection might, 

however, be raised, that during discharge not only the change- 




W W H^ 

Fifl. 363. 
over switch U, but also the paralleling switches Bi and Rj have 
to be brought into a certain definite position. It would certainly 
be preferable to employ an arrangement with only two change- 
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over switches, Di and Ua (which, if necessary, may be multi-pole 
switches), so that the adjustment for charge or discharge is 
effected by means of Di, whilst the charging positions 1 or 2 are 
produced by means of the change-over switch U2, which, it will 
be noted, has only to be placed in a definite position during 
charge and can be left in any desired position during discharge. 

This would render the operation of the switches very simple^ 
as it would only be necessary during discharge to operate the 
switch Ui, whereas for the first period of charge U2 would be 
put into the first charge position and Ui would be changed 
over and for the second period of charge it would merely be 
necessary to throw the switch U2 into the other position. 

A system of connections which fulfil these conditions can be 
obtained by the following method, which is based upon the 
diagram of connections, Fig. 361, on p. 887 : — 

As before, the permanent connections are : — 

Li a — d e — h L^ 

and the changing connections are shown in the following table 
(in which d has been considered as equivalent to e) : — 



Discharge 


A 
B 


h c —fl^ 


Charge 1 


be — LiC—fg 


1 

Charge 2 ' 


C 


be — eg 



The change-over switch Ui has to make the necessary connec- 
tions for discharge or charge and U2 has to permit of the 
changing over during the charge periods from charge-position 1 
to charge-position 2. This can be expressed in the preceding 
diagram by the aid of auxiliary contacts x and y, as follows : — 



Discharge 
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This indicates also which connections have to be effected by 
the change-over switches Ui and U2 respectively. In any case 
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a double pole change-over switch may be employed for Ui, in 
accordance with the switching formula : — 

Ui . . . . b o ~ and/o — . 

The circuits, which the change-over switch Ua has to produce, 
may be represented in the following way : — 

(' c g 6 c 6 6 g 

\/ '\/ \/ \/ 
w y Li e 

One change-over switch and three ordinary switches would 
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Fig. 364. 



therefore be necessary. Since, now, in this consideration of the 
problem the order of succession of the contacts was chosen 
entirely at random, the question presents itself as to whether it 
might not be possible to make the connections simpler. For 
instance, the third switch might be placed on the right-hand 
side of the first switch and the second and fourth switches 
might be symbolically reversed. We should thus obtsdn : — 

e c c y e 

\/ \/ and \/ \/ 

X Li g g 

From this it will at once be recognised that the two last 
switches may be combined to form a change-over switch and 
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may be placed right at the commencement. This gives the 
following diagram for the change-over switch U2 : — 

y e c 6 



9 X Li 

Fig. 864 shows the complete system of connections, and it is 
only necessary with reference to this to remark that the two 
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Fig. 365. 

dotted switch-levers, which have to be coupled to Ui, are neces- 
sary in order to avoid short-circuits when, during the discharge 
position of Ui, the change-over switch U2 is also switched over 
into the one position or the other. 

If the charging resistance be left permanently in circuit, then 
the system of connections will become simpler, since in this case 
only a three-pole change-over switch is necessary for Ui also (cf. 
Fig. 365). 
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